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PREFACE. 



Two works are at present before the public under the 
same title as I have chosen for my little volume^ both of 
which have been extensively circulated^ and are in the 
hands of most individuals to whom such works are useful 
or interesting^ But it has been a matter of regret, that 
neither possess those qualifications which it might be ex- 
pected would be found under such a title. It is, however, 
to be said, that the writers were almost the first on whom 
the task of research and arrangement had devolved, and 
that, out of the crude and undigested materials, it was 
somewhat difficult to form any regular well-constructed 
detail. 

But admitting the difficulty, I am sorry to say that 
Partington's History of the Steam Engine has scarcely one 
excellence which can be praised, excepting its most elegantly 
finished engravings. The work itself possesses 'little or no 
originality; and such parts of it as are interesting, are 
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borrowed from other sources^ and I grieve when I add, 
in many instances^ copied verbatim therefrom, without the 
most obscure hint that they are any thing but original. 

Stuart's History of Steam Engines is of a much higher 
character. The work throughout is^ evidently^ the result 
of long and persevering industry, and has been the means 
of making the public masters of much useful knowledge 
which had been previously beyond their reach. This 
qualification alone entitles the author to our warmest 
thanks ; and there is no doubt that its utility has been 
estimated by the thousands of persons to whom his channels 
of information were inaccessible. 

But even in tbis there are many prominent defects, 
most of which may be attributed, as I have said, to the 
difficulties under which he laboured. Many of the diagrams 
have scarcely any resemblance to the machines they are 
intended to represent ; and the author, following too closely 
a maxim of his — " that a line of engraving is worth pages 
of letter-press," has left the reader to discover the 
principle of many of the machines, by little else than the 
engraving itself. Some of the most important inventions 
of Watt are passed over in a most careless way ; as, for 
instance, his sun and planet wheels, and parallel motion, 
neither of which are so explained as to instruct any one 
further than they have been previously informed elsewhere : 
the author being contented, in place of these investigations. 
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to extract from other works a biographical sketch of this 
great man's life> and conclude it by the eloquent and im- 
presdive eulogium on his character, by Francis Jefireys : 
interesting and excellent I grants but not of such im- 
portance as to take the place of 'descriptions of steam 
machinery, in a work avowedly a history of such inventions, 
and not of the inventors. 

The plan 1 propose to adopt, to avoid these defects, 
is, to confine myself entirely to the detail of such dis- 
coveries as have been useful, or such as, not being useful 
in themselves, yet have contributed to our advancement in 
knowledge and experience on this important subject. I shall 
endeavour to expunge or slightly notice those which have 
been old ideas re-modified, or which have existed no where 
but in the brain of the unpracticed projector. 

One thing I will do, which I am sure must prove satis- 
factory and beneficial, that is — ^by research among enrolled 
specifications of patents, lay before the public a mass of 
knowledge of which they are not possessed. In this part 
of the work no expense has been spared, and I trust that 
this addition to the history will prove highly entertaining 
and useful. 

The description of my own invention will be found in 
its proper place. This engine, though of course in my 
opinion the best, should not, in the History of the Steam 
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Engine^ occupy any other situation than that to which its 
date entitles it. I there give the ground of its superiority 
and such an enlarged detail as to make it fully understood ; 
and^ if it be possible for an inventor to give an unprejudiced 
description of his own discoveries^ I endeavour, as afaithfiil 
historian^ candidly to examine its merits^ 
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CHAPTER I. 

COIVTENTB. — THE PROPERTIES OP STEAM DISCOVERED BT ACCIDENT. — UERO» 

THE ELDER. — DB CAUs' ENGINE. — BRANCA. MARQUIS OF WORCESTER.-^ 

DB., PAPIN*8 EXPERIMENTS. — INVENTION OP THE 8AFETT VALVE. — SAVERT*S 

engine; PAPIN*8 improvement. — NEVTCOMEN's experiments. MUM* 

PHRET potter. — BEIGHTON*8 IMPROVEMENTS. 

M. HE early history of the Steam Engine is involved in great 
obscurity. Notwithstanding many able disquisitions in the endea^ 
vaur to discover to whom the merit of first inventor is due, nothing 
satisfactory has been developed iu the enquiry. It is singular^ that 
until steam had arrived at some degree of perfection, as a mechanical 
agents almost every one who made any slight improvements, laid claim 
to the rank of first discoverer. Thus different nations in Europe have 
set up different individuals as the persons to whom the honour should 
be awarded. Among such a variety of claims it is difficult to decide; 
we shall, therefore, content ourselves by expressing our opinion, 
that the elastic properties of steam have been known from the first 
dawn of civilization. The probability is^ that the discovery was 
owing to the bursting of some culinary vessel, the mouth of which 
bad been closed through ignorance of the effect which would thereby 
be produced. Indeed, it was impossible for mankind to have remained 
unacquainted with this property of vapour after hot water had been 
nsed for any purpose. 

But the first individual on record who applied this known pro* 
party to produce any effect, appears to have been Hero, the elder^ 
an Alexandrian, who flourished about ISO years before the Christian 
era. In his work, entitled Spiritalia, among other ingenious disco- 
veries, he describes a machine to which motion is to be given by the 
force of steam. It consisted of a hollow globe, having tubular arms 
running in opposite directions. These tubes had an opening at 
different sides near their extremity. The globe was suspended upon 
centres, fixed upon pillars. One of those pillars was hollow, as also was 
one of the centres. Steam was introduced from a cauldron, or heated 
Tase, which, issuing through the hollow column and centre into the 
globe, and so through the arms into the open air^ produced a rotatory 
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motion, in the same manner as vater produces that of Barker's mill. 
This invention being the fintin which stckm was employed as an agent, 
entitles Hero to the boaoor which has been the snbject of so much 

In the dark sges which sncceeded the overthrow of the empires 
of Greece and Rome, history furoishei no instance of an attempt to 
nse the powerful agency of steam, until the year I5fiO, when one 
Mathesins snggesta the practicability of a plan by which it conld be 
employed. In'Leipsig, a macfaiac, upon a similar plan to that of 
Hero's, was proposed to be substituted for the turnspit- dog;, then in 
use. 

Up to this date we cannot trace any thing important relslive to 
the application of steam, excepting what we have already stated. 
We are unable, at this remote period, to form any idea as to tlie 
originality of the plans which have been named, li is impossible to 
state whether they were descriptions of what was generally known, 
or Ihey were the invention of those by whom they were claimed, 
Nor should onr readers be surprised at the obscority in which these 
matters are involved, when we reflect, that there is frequently great 
diSmlty, even at the present day, in deciding who are the inventors 
of the most meritorious productions. 

Having briefly stated what is recorded respecting the earlier 
Mstory of the steam engine, when it had more the character of ■ 
philosophic toy than any thing trnly nsefal, we come to speak of the 
nnt attempt towards its adoption as a powerful agent. 
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*> It is described in a work by Solomon de Caas^ m eminent French 
mathematician and engineer^ published in 1615^ entitled " Les Rair 
tons des Force mouvantes avec divers Desseins de Fontains." 

> The following description will explain the principle of his invention. 

a is a spherical vessel^ placeil over a fire; it is furnished with 
two pipes, d e. The pipe e Is open at the top> aad reaches down 
to the bottom of the vessel a. The pipe b is furnished with a cock 
d, and funnel c. The vessel being filled with water, and fire applied^ 
steam is speedily generated upon the surface of the water^ and having 
no other way to escape, the cock d being stopped, presses on the 
surface, and so forces it up the tube e into the air, causing a jet^ 
wkioh varies in proportion to the elasticity of the steam within . 

De Caus appears, also, to have been aware that a vacuum could 
be obtained by the condensation of steam, but we have no opportn- 
Bity of knowing whether he ever thought of using it as a means of 
increasing the power of his machine. 

The engine which next demands our attention, both on account 
of its importance and date, is that invented by Giovanni Branca, an 
Italian mathematician, who resided at Rome^ at the commencement 
of the seventeenth century. We are indebted for our knowledge of 
this machine, to his own account, published in 16^9. The drawing 
xvhich he there furnishes must be understood rather as an ornamental 
illustration of his plan, than as the form in which it was actually 
constructed : we have, therefore, given one which we conceive to b^ 
inpre consistent with the end he proposed to effect by its use. 




The boiler of this engine is repre^e^t^d by «; ^ is the fire 
grate } <? a small pipe, provided with a |t<>p cock/; d is a wheel 
furnished with vanes ; e is a crank wl^ieh gives m,otion, through the 
medium of the connecting rod^ to a stamper for pounding drugs. 
The principle of action is this : — stea^p is generated in the boiler^ 
and rushes violently against the vanes, which causes the wheel to 
revolve, and thus produces a redprop9tion of the rod and stamper., 

This invention had remained unnoticed but by the learned, until 
the last few years. It was recently described by Partingtoni in his 

B 2 
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Hivtory of the Steam Engine, who goes so far as to allow Branca 
the merit of the Jirst idea. We believe our readers will perceive that 
to this honour Branca has no claim. His engine is on the same 
pnnciple as Hero's^ only differently modified. Its ingenuity i» de- 
cidedly inferior to its prototype, both in simplicity and effect. 

But of all the various applications of the elastic force of steam, 
none have stood so high in public estimation as a brief description 
of a fire water-work,** contained in the Marquis of Worcester's 
celebrated ''Century of Inventions/' dated 1663; the original manu- 
script of which is preserved in the British Museum. The foUowhig 
IS the marquis's own description :— 

" An admirable and most forcible way to drive up water 
by fire, not by drawing or sucking it upwards, for that must be, as 
the philosopher calls it, infra sphceram activitatia, which is but at 
such a distance. But this way hath no bounder, if the vessels be 
strong enough; for I have taken a piece of a whole cannon, whereof 
the end was burst, and filled it three-quarters full, stopping and screw- 
ing up the broken end, as also the touch-hole, and making a constant 
fire under it ; within twenty-four hours it burst, and made a great 
crack 5 so that having found a way to make my vessels, so that they 
are strengthened by the force within them, and the one to fill after 
the other, I have seen the water run like a constant fountain-stream 
forty feet high 3 one vessel of water, rarified by hre, driveth up forty 
of cold water 5 and a man that tends the work, is but to turn two cocks, 
that one vessel of water being consumed, another begins to force and 
refill with cold water, and so successively, the fire being tended,' and 
kept constant, which the self-same person may likewise abundantly 
perform in theinterim, bptween the necessity of turning the said cocks." 

From this account Dr. Robinson founds an opinion, that " the 
steam engine was, beyond all doubt, the invention of the Marquis of 
Worcester." It is probable that the learned doctor was un^^cquainted 
with De Cans' and Branca's previous experiments ; or he could not 
have come to this conclusion. But whilst we cannot admit the mar- 
quis to be entitled to the extravagant encomiums which have been 
lavished upon him, we are far from disallowing his invention to pos- 
sess merit and originality. - The annexed drawing we consider to be 
a fair representation of the engine, according to the marquis's inten- 
tion and description^ " fulfilling the conditions of the enigma^ and 
no more. 

Let a a represent two vessels (one of them in section), c c two 
funnels, furnished with stop cocks 3 b a pipe, reaching down to the 
bottom 3 a similar pipe extends to the bottom of the other. Both 
these pipes are connected with a perpendicular tube e, which is 
continued above the top of the cistern or reservoir d. It is there 
bent so that the mouth shall be directed to the interior of the cistern. 
Let us now examine the operations of this engine. 

We will suppose the vessel, of which we have given the section, 
to be filled with water through the funnel c. The cock of that funnel 
is then closed, as also the cock e of the other vessel. The fire is then 
lighted under the first vessel^ and as soon as a sufficiency of vapour is 
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formed, the cock e of this vessel is opened. Theetaaticityofthe steam 
acts npon tbe surface of the water, wtiich, finding an escape thronsli 
Ibe pipe 6 e, rosbeB rapidljr upwards into tbe cistern d. Daring the 
performaace of this operation " the man tbat tends the work" filli 
the other vessel with cold water, and applies the fire to it also, ao 
that by the time the first is exhaasted, the other, upon charging the 
■ecesaary cocks, " begins to force and refill," that is, rept^ %h» 
metioM of filling the cistern. 




By this reading of the marquis's project we have a very feasible 
and ingenious machine for raising water. It is evidently an improve- 
ment on De Cans' engine, and the application of another vessel coo- 
ititotes this improvement. It has been tbe marqais's design, by the 
addition, to save the time which was lost between the eshanstion 
and redaction of a sin^e vessel, and this he effects by the use of tbe 
two vessels. 

There can be no donbt but the Marquis of Worcester was 
aware of the plan proposed by De Cans; we have, therefore, to 
n^et the want of candonr which made him put forth tbe " fire water 
work" as bis original inventtonj making this deduction from his 
merit as a man, we feel ourselves bound to award him a greater por- 
tion of approbation tbui some writers have been inclined to allow him. 

About the year 1680, Dr. Denys Papin, a uattve of Blois, com- 
venced a geri«a of experiments on the power of steam, which termi- 
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Baled ID tbe coDstruction of an useful and iDgeuious machine, A 
description of which we will speedily give. In 1684 he had discovered 
the method of dissolving bones by steam of a very high pressure and 
temperature, and in tUs invention introduced that simple but hi<* 
ieparahle accompaniment of every steam engine, THE SAFETY 
VALVE. This invention (without which steam would, long 'ere 
lliis, have been abandoned as a most dangerous and ungoyentabls 
agent,) entitles Papin to universal admiration 3 since it has contritmled 
more than any single addition or improvement to tbe maturity of the 
steam engine. 

The course of Papin's experiments occupied a number of years, 
and in their progress many ideas occurred to him which have since 
been adopted as the most important improvements. His earliest 
project was that of using an air pump, for the purpose of transmitting 
power to some distance in order to raise water where the first mover 
could not be conveniently applied. For instance, where a fall of 
water could be obtained, he proposed to erect a water wheel, which 
should work an air pump. This air pump he intended to connect by 
pipes with another pump at the place where the mine was situated. 
When by the crank on the water wheel the piston of one pump was 
depressed, the air in the pipes would be condensed, and force up the 
piston of the other cylinder; and when the piston of the 6rst cylinder 
was elevated, that of the second would be drawn down by partial 
vacuum which the elevation produced. This experiment failed even 
in a model ; and Papin directed his studies to the discovery of some 
means of forming a vacuum under his piston. In 1688 he described 
a method of effecting this by first displacing tbe air by exploding 
gunpowder. , This he abandoned as dangerous; and, fijially, after 
various experiments and failures, in 1690 he suggested the employ- 
ment of steam for raising the piston, and afterwards forming a vacuum 
in the cylinder by its condensation. He states — *^ thai in a little 
water, changed into steam by- means of fire, we can have an elastic 
power like air; but that it totally disappears when chilled, and 
changes into water, by which means he perceived, that he could 
contrive a machine in such a manner that with a small fire he could 
be'able, at a trifling expense, to have a perfect vacuum." After 
BOticiBg the difficulty of making a vacuum by gunpowder, be observes, 
*' where there may not be the conveniency of a near river to turn the 
aforesaid engine, I propose alternately turning a small surface of 
water into vapour by fire, applied to the bottom of the cyliader which 
contains it : which vapour forces up the plug or piston in the cylinder 
to a considerable height, and which, as the water cools when taken 
from th6 fire, descends again by air*s pressure, and is applied to raise 
water out of the mine." 

This, as far as discovery goes, entitles Papin to the merit of 
kaJiring first invented the well known Atmospheric Steam Engine: 
and; probably, had he followed up the idea by actual experiment, we 
would have had to record him as the man who first brought it into 
aiioeessful operation : but the greatest merit is not always due to the 
fft^ntor. Thoiiflands of the inost brilliant discoveries have perished 



STEAM ENOINE. 15 

for want of indnstry or talent to foster them. The man wlw first 
invents and afierwards strngglea through erery difficulty, aad by the 

Seatest sacrifices and peneverance brings it into actnal practice, per- 
pa oatsteps the projector of the most re&ned coDtrivance of which 
history can boast. 

Whilst Papin was prosecating these interesting experiments, a 
tea-faring man, named Captain Savery, wag engaged in England, ia 
endeaTonring to bring into notJce an engine of his invention, wlUch 
posSBBsed great merit. The description of his machine was published 
in a work of bis, called " The Miner's Friend." This work is dated 
170^1 and contains, besides a candid detail of the principle of bis 
invention, much nsefnl instruction relative to the proper management 
of his machine. The libenJity and honest appeal to experiment 
which pervades the wbole work, forms a rare and strilting contraat 
with the self-snf&ciency and conceit which are too generally to be 
fonnd in productiona of this natare. Savery exhibited his model 
before King William, who warmly interested himself in the project. 
In Jone, 1699, he' obtained a patent, granting him the exclusive 
privilege of mannfactare. We subjoin a description nearly in the 
words of the inventor. 




" The first thing is, to fix the engine in a good double furnace, 
M contrived that the flaine of yonr fire may circulate round, and 
Aicompasa your boilers, as you do coppers for brewing. Before yra 
make any fire, unscrew O and N, being the two small guagep^iM 
and cocks belonging to the two boilers, and at the holes fill L, the 
iarge boiler, two<thirds full of water, and D, the small boiler, quite 
fnU. Then screw on the said pipes again as fast and as tight aa 
fXMsible. Then light the fire at B, and, when the water in h boils, 
«peM the cock of the first vessel P (shown in section) which makes 
all the Bteasi rising from the water in L pass with irresistible force 
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through O into P, pushing out all the air before it through the dack 
H, and when all is gone oiit^ the bottom of the vessel P will be very 
hotf then shut the cock of the pipe of this vessel> and open the cock 
^f the other vessel P, until that vessel has discharged its air through 
the clack R up the force pipe S. In the mean time^ by the steam'4 
€ondetumg in the vessel F, a vacuum, or emptiness^ is created^ so 
that the water from the well must and will necessarily rise up through 
the sucking pipe T, lifting up the clack M, and filling the vessel P.'* 

^' In the mean time, the first vessel P being emptied of its air, open 
the cock again, and the force is upon the surface of the water, and 
presses with an elastic quality like air, still increasing in elasticity or 
spring till it counterpoises, or rather exceeds, the weight of the water 
ascending in S, the pipe, out of which the water in it will be im- 
mediately discharged when once gotten to the top, which takes up 
some time to recover that power; which liaviog once got, and being 
in work, it is easy for one that never saw the engine, after half aa 
hour's experience, to keep a constant stream running out the full bore 
4>f the pipe. On the outside of the vessel you may see how the water 
Ifoes out as well as if the vessel were transparent; for as far as the 
steam continues within the vessel, so far is the vessel dry without, 
and so very hot, as scarce to endure the least touch of the hand. 
But as far as the water is, the said vessel will be cold and wet where 
any water has fallen on it, which cold and moisture vanishes as fast 
as the steam in its descent takes place of the water; but if yon force 
all the water out, the steam, or a small part thereof, going through P, 
will rattle the clack, so as to give sufficient notice to change the cocks, 
and the steam will then begin to force upon the other vessel without 
the least alteration in the stream, only sometimes the stream of water 
will be somewhat stronger than before, if you change the cocks before 
any considerable quantity of steam be gone up the clack R : but it is 
better to let none of the steam go off, for that is losing so much 
strength, and is easily prevented, by altering the cocks some little 
time before the vessel is emptied.*' 

The ingenious inventor goes on to explain minutely the ease with 
which his engine could be managed ; however, we have quoted suf- 
ficient to shew clearly the mode of operation . He gives no proportions 
of the parts, nor is it probable that he himself established any rule, 
but pnncipally erected his endues by a kind of mechanical tact, 
which he possessed in a wonderful degree. He seems to have con- 
sidered that the strength of his machine was the only limit to be 
observed; '' for," says he, '^ 1 will raise you water 500 or 1000 feet 
high, could you find us a way to procure strength enough for such 
an immense weight as a pillar of water of that height ; but my engine^ 
at 60, 70,^ or 80 feet, raises a full bore of water with much ease." 

Captain Savery's invention shews him to have been a man of 
extraordinary talent and ingenuity. The real benefit which it con« 
ferred upon society was not alone confined to the reduction of animal 
labour : it had the effect of enabling ingenious mechanics to direct 
their energies to a subject which had hitherto been a matter of mere 
philosophical speculation. It fnrnished material for study 5 and. 
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though it was adopted with caution^ and to a very limited extent *)y 
the mining districts ; there can be no donbt bat it was the means of 
sowing those seeds of talent which have since enabled this country to 
oatstep every other in the superior manufacture of steam machinery. 

The honourable fame which the invention obtained him could not 
be enjoyed without detraction. Envious contemporaries were busily 
engaged in endeavouring to injure^ by false accusation, the character 
which Savery obtained. ' Desagoliers unequivocably asserts that 
Captain Savery merely put in practice the Marquis of Worcester's 
plan for raising water ; and> the better to conceal the fact, bought up 
and burnt all the copies of Lord Worcester's Work on which he could 
lay lus hand^. 

Stewart, in his History of the Steam Engine, has taken much 
pains to refute this grievous charge : but we shall merely content 
ourselves by quoting Dr. Robinson, who says, — *' That the account 
in the Century of Inventions could instruct no person who was not 
sufficiently acquainted with the properties of steam, to be able to 
hvent the machine Mmseif,'* This opinion may be received without 
hesitation, since ¥^e have shewn that the Doctor muntained that the 
Marqais of Worcester was, undoubtedly, the inventor of the Steam 
Engine. 

We quitted Dr. Papin to detail the important results of Captain 
Savery 's experiments, which were published in the interim between 
the commencement and conclusion of those of the ingenious Doctor^ 
who, in 1698^ we find still persevering in his project for raising water 
by steam, under the patronage of the Elector of Hesse. In 1705 he 
veeeived from the celebrated philosopher, Leibnitz (who had seen 
some of t^em in operation,) a drawing and description of Savery! s 
engiine. W<e sincerely regret that Papin ever received this com- 
mnnicationx as it' has been shewn that he had actually projected a 
plan which, if carried into operation, would have constituted the 
Atmospheric Engine, invented by Newcomen. But, unfortunately, 
the success of Captain Savery diverted his mind from the superior 
project of forming a vacuum under a piston, and by the command 
of his patron, the Elector, he set about to improve Savery's machine, 
which is universally allowed to be inferior in effect to the other. 
The talent of Papin, directed to the Atmospheric Engine, must have 
produced most important results, which, however^ have been lost by 
the success of Captain Savery'» machine. 

•The consequence of this course of experiment was the publication 
of a *' new method of raising water by the force of fire,*' dated at 
Cassel, 1707' He acknowledges that Savery had hit on another mode 
without knowing his experiments. The following is a description of 
the miLchine. 

A boiler, a, made of copper, communicates by a pipe with a 
cylinder, i, which forms the body of the pump^ This cylinder is 
attached to an upright pip^ oq^ which enters the cylinder r r, rising 
to within a short distance of its top. This cylinder is air tight, and 
has a pipe w^ smaller in its bore than the pipe oq, . The pipe betweeni 
the boiler a!nd cylinder has a stop cock at c. /is the safety valve 
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whicli prevents tlie explosion of the boiler, by yielding to the force 
of ihe steam, and allowing it to escape whea it exceeds a certain 

Pressure, which is regulated by sbiftiDg the weight^ on the lever, 
nthin the cylinder is a piston or float, n, made or thin plat» of 
metal, and loaded withthe weight &, forming a part of a hollow 
cylinder, which floats on the snrface of the water. 




When a sufficient quantity of steam is generated in the boiler, a, 
the cock is opened to allow it to flow into the pump cylinder i, forcing 
the water, which is beneath it, through the pipe og, nntilit (alls at 
the npper.end j, into the receiver r r, since it cannot flow away 
throQgh the pipe w, so rapidly as it comes in, on account of the {npe 
IB being smaller, it rises and compresses the air into the upper part 
of the receiver. As it escapes through a, it issues with velocity mi 
the water wheel #, to which it gives motion in the usnal manner. 
When the floater n has reached the bottom of that cylinder, the cock 
c, is shut, which prevents the further admission of steam from the 
boiler, into the pn^p cylinder, above the floater i and the valve g ie 
lifted, to allow the steam above the floater to escape into the atmo- 
sphere ; a vacaum speedily forms in this space, which is as speedily 
filled up by water from the miae, through the clack at the botton 
of i, the clack o <n>eniug upwards, prevents the column of water' 
in o p from descending, whilst the compressed air f t, keeps a con- 
stant stream on the wheel. When the floater has risen to its propw 
position, the steam is again admitted on the Gurfiice of the floater, 
and drives up the water as before, 

. This machine Fapin published as the iuvention of the Elector of 
Hf»e, bat it is quite obvious that his disposition to flatter hia patron. 
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I * * 

rather tbioi the regard to truths caased him to make this statements 
We have already expressed our regret that Papin did not persevere 
in his Idea of the jitmospheric Engine. As it is^ he has shewn himself 
to be a man of great talent and originality. 

We have already observed that the beneficial effects of Savery's 
invention were not confined to the redaction of animal exertion* 
This^ though a grand^ was not the principal result which arose 
from its introdaction ; for the great danger^ or more probably y^or, 
of explosion^ tended to counteract its general adoption. We say, 
therefore, that the greatest benefit which it created was that of fa- 
miliarising all mechanics with the nature of steam ^ its elasticity 
when heated, and its *' sucking power'' when cooled : and when 
Savery*s engine was found inadequate to the proposed end; ingenuity 
was on the alert to apply these in some more efficient manner. This 
feeling found its way to the ancient town of Dartmouth, in Devon- 
shire, and drew forth the attention of Thomas Newcomen, a 
blacksmith. This man, though possessed of little scientific knowledge, 
was endowed with a clear head, and great inventive powers. He 
had been, from his childhood, fond of amusing himself with little 
mechanical combinations, which obtained him among his friends and 
companions the title of a '^ schemer y We ai*e informed that he had 
seen one of Savery's engines, when he conceived the possibility of 
obtaining power in a manner similar to that proposed by Papin in 
his first project, namely, by a water wheel working two air pumps. 
He was so completely convinced of the feasibility of his plan that he 
applied to Dr. Hooke on the subject, who, it appears, dissuaded 
him from the prosecution, adding this remarkable and important 
suggestion, ''If you could make a speedy vacuum in your second 
" cylinder your work is done." 

Newcomen, we are informed, was for some time engrossed with 
the new train of ideas to which this hint led him, till at length he 
conceived the " sucking and forcing** power of steam would, in every 
respect, answer the end, and this brilliant thought he communicated 
so his friend and fellow townsman, John Cawley, a glazier. By 
joint study and exertion they soon satisfied themselves of the prac- 
ticability of the scheme, and constructed the machine upon a small 
scale^ - It is not known in what manner this model was made, but 
we may easily imagine a very simple and cheap one could be formed 
by the use of a common syringe ; and to such of our readers as 
would wish to understand thoroughly, the principle of the atmos- 
pheric engine, we recommend the following experiment :— * 

Into the perforation of a small glass globe, partly filled with 
water, introduce the mouth of a common syringe. Form a luting 
imindihe joining so as to render the joint good and tight. Apply 
this to the flame of a lamp, and as soon as the water boils, the steam 
formed thereby will force up the rod of the synage to the top : im- 
merse the whole in cold water, and the rod will as speedily descend. 
Apply, the lamp again and the rod will Agiin be ^ raised,' iind upon 
pBiigiiig it again into cold water it will descend as before ; these 
motions may be repeated ad infinitum. 
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Newcomen and Cawley beiag aHinred of nicceis, were si 
applying for a patent, wken Savery claimed Ihe inrention as hia, 
the gronnd that the method af procnring a racnDm by Meam was on 
discovery : they were, therefore, obliged to allow his name to be 
asBociated in the grant which they obUuned in 1705. 

We present oar readers with a novel drawing of Newcomen's 
trnpoei we are not aware that such a machine was ever is opera- 
tioii ; bnt we have been favoured with the drawing by a friend, trho 
informs ns that the original bears date IJVi, fifteen years after the 
patent was obtjuned. As it represents some of the parts in a singular 
form, and shews clearly the mode of operation, we iball offer no 
apology for nstng it in onr explanatioD. 




a represflnts the boiler, of which B it the safety valve, b^ng a 
w«ght placed on a clack, which yields to steam' above a certain 
presBure, and preventB explosion, c is the cylinder, open at the top, 
having three holes at the bottom, rf«/: The hole e admits the steam 
from the boiler } the hole rf admits a jet of cold water from the reser- 
voir ^, Id order to expedite the condensation of the steam. / is a 
pipe for the exit of the condensed stewn, and to get water from the 
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cyUj»jder. h is the piston or p^oger^ whose, diameter ex«$tlf fdU t)ie 
i(rea of the cylinder. It is packed or staffed on its edge^ so us to 
i)reserve the yacnum as perfect as possible : i i? the beam, or (as it 
is called in some of the coal districts) tb(B loggerhead, for the purpose 
of communicating the motion of the piston jto the pomps in the mine« 

A sufficient quantity of steam is first formed in the boiler when 
the boy pushes the handle or lever which beholds down toj, which, 
by the wheels and band, opens the cock i, and allows the steam to 
enter the cylinder. Thje steam being only sufficient to equal the 
pressure of the atmosphere, will not of itself lift the piston and 
loggerhead ; it is therefore necessary that some pieaos should be 
adopted to aid it in its ascent. This is done by m^aos of the weight 
or counterpoise /, so that by the force of the steam and gravity of 
the counterpoise, the piston is elevated to the top of the cylinder, 
and forces down the pump rod m into the pump in the mine. When 
this is effected, the boy returns the handle to its original position 
(shewn in the drawing) which prevents the admission of more steam 
from the boiler, and at the same time opens the cocli: n, so as to admit 
a small quantity of cold water from the reservoir g into the cylinder; 
this, by dispersing itself among the steam in the cylinder, almost 
instantly condenses it, so that a vacuum is obtained, and the pressure 
of the atmosphere meeting with no resistance, presses down the 
piston, and thereby raises the pump bucket in the piine. The handle 
is again depressed to^', which adlows fresh steam to enter the cylinder^ 
and elevate the piston as before. To prevent the accumulation of 
water in the cyiinder, the pipe o is of such length, that a column of 
water within it exceeds the air*s pressure, so that the water rnfts off 
by its own gravity. 

The force of this engine, therefore, consists entirely of the pres- 
sure of the atmosphere, differing essentially from Papin and Savery^ 
both of whom nsed the force of steam as well as a vacuum. By thu 
method the danger of bursting the boiler was nearly obviated, as the 
pressure of one or twopounds on the inch on the boiler was sufficient 
to work the engine . The power must be regulated by the area of the 
piston, because, as the pressure of the air seldom exceeds 14 { lbs. 
on an inch in a given area, we can never obtain more U^an a given 
power ; thus, supposing the area to be 100 inches, ai^d the pressure 
of the atmosphere 14 lbs. per inch, the pump piston would at each 
stroke lift 1400 lbs, of water at each stroke of the engine, a height 
equal to the length of the cylinder. This, however, is feu: above the 
real performance : as friction and imperfect condensation seldom leave 
more than one third of the power. 

But notwithstanding the enormous loss of steam, and, conse- 
quently, fuel by these causes, we find the atmospheric or '' epeii 
topped* engine nsed with different modification to a great extent even 
at the present day. The expense of the double acting engines coun- 
terbalancing, in the opinion of coal owners, the greater consumption 
of foel in the other. 

The engine we have given contained many improvements upon the 
firsts the steam of which was not condensed by injection, but merely 
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by inrroanfing the cylinder with cold mter, CondepiaUoD W aje( 
!■ udd to have been discovered from an accideDtal hole in the cyfiDder, 
allowiDg the water which snironnded it to get into the inside, and 
thus the speed of the engine was doubled. VVben tbe cause of this 
inu ascertained, the injection cock was added, as a matter of course. 
We Bhoold also, state, that the machine was, by no means, so sini<- 
pie u . OUT , drawing r^resrata; a niimber of catches and springs 
bebijC necesaary to obt&in the changes of the cocks ; the nqceitaintv 
arinncfroDi'theemplovmentof boyswas, Ukevrise, a natter of mncLi 
texabon ud inconren^ence. This evil, however, produced its own 
rtmedy { flat a bov, named flamphrey Potter, being inclined to tcog, 
at sktult, fastened a cord from the beam to the handle, j, and a 
w^ght to the handle also, by which means tbe engine itself produced 
tbe necessary motion. This he called a " acogger." 

With this addition Newcomen's engine approached very nearly to 
% telf-actipi one 1 but still the turning of cpcks and filling of reserr 
VCHTB waa oblifted to be in part left to careless men, and as tbe 
iireci^on of tbe worlc depended upon these, freqnent derangement 
was the consequence ; nntil Mr. Henry Beighton, of Newcastle-opon- 
T^K, constrncted what he called the hand gear, whereby motion 
wis f^ven to all the cocks and levers, b^ a rod from the beam, Thii 
engine was erected in 171S, and, besides the improvement men- 
6oned, it waa the first engine in which a tteel-yard safety valve 
waatued. 

After the ipiprovemeDts of Beighton little remained to be done to 
t&e Atmospheric Engine, most of the difficulties pecnliar to its con-: 
tfthiaion having been overcome. We sboald except, howev^t one 
great evil, and that was the freqnent tJestmclioDQf, the boiler and 
^finder. This was owing to the position in which they were placed, 
f$r thv piston striking againSt tbe bottom of the cylinder, frequently 
b1m>o1c the boiler in a few days so as to completely loosen it froni the 
bhdc.work, and the reversion of the beam produced a violent pall in 
tbe Opposite direction. The writer has seen one of these engiDes 
near Newcastle, wbere tbe top of the boiler rose and fell at least 
baU ab inch at each reversion of the stroke. This difficulty wai 
obviated in a tolerable degree, by pkciog the f^inder beitdetbt 
btnl^aidd, thoa modified j Newcomen's engine is nsed^aU over tbe 
Uii^lani. ' ^ . , , • 

We cannot concliide this chapter wifhont expressing the vene- 
AQopwoicb we feel for the memory of the inunortal Newcomeo. We 
ue bold to say (and we know, in saying this,,, we differ from abler. 
andtMtter historians) that "niomas^Jfewcomen did more for tbe 
Steiiih 'Engine tbad ai(y one in^ividnd that ever contributed to its 
improvement. Wa e^cwt none, — Watt,, fiimself, and. in the men-. 
&ni of ibat name ve feel tbe profonndeat humility f-r-Watt sinks into 
OHnparattve ihsignificance wueo CQmpar^ with Jipvcoaxen, For, 
wbiui'er'w'e vtdne tbeWenins ofaman by the extent of itsotiu^,or 
by the difficalties whTcn it encounters, and over ;nlu;cb it briumphs, 
m'i^nll&'ebdiii)dJin to place tl^.nan^e of Xewcomen first among 
tUoSB'wI^tli hiive been tbe boast of our conntry. 
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CHAPTER 11. 

coKTCNTs. — Leopold's high-pressure ewgine — ^advantages of high-prcs« 

SURiE engines.-— -boll's PATENT. — BLAKET AND PERKINS. — MR. KEANE 
PITZGERALD's SUBSTITUTE FOR THE CRANK. — WATT'S EXPERIMENTS.:— 
GAIN8B0R0V0H*8 CLAIMS TO WATT'S ' INVENTION — CYLINDER OF WATT'S 
ENGINE. — SUN AND PLANET MOTION.— PARALLEL MOTION — GOVERNOR.— 
CONDENSER. — WATT's EXPERIMENTAL ENGINE. — COUNTER. — ApDIl^N OP 
THE CRANK AND SUBSTITUTION OF THE BUN AND PLANET MOTION. ' 

In the year 1720 the celebrated Leopold constmcted ihefifH 
^gh'preaure engine. Previoas to this Ibe only use to'vnuch steam 
had been effectively applied was. in the formation of a vacbam : tme 
it 18^ that in the projects of De Caus> Branca^ Wnd Saverv^ tfie elastic 
force of steam was proposed to be used -, but the failure of .these 
plans by waste of steam and other causes^ warrant oor say&ig th^t the 
plan of Leapold entitles him to the great merit of having invent^ and 
constructed the first hi^h-pressure engine. His pr^cipl0 was nmply 
that of applying liighly elastic steam alternately upon two pist^is in 
separate cylinders^ so that as one aiscended the other de^c^nded| and 
Vice versa. 

In the annexed figare (nearly resembling that ^ven by Leopold) 
the boiler a^ communicates by a "four way cock,** with the bottom ot 
two open topped cylinders having pistons c d moving in them. These 
pistons are fitted with lead so that they may act as a counterpoise to 
the pump buckets op: They are likewise attached to tljie beams g h, 
by means of thfe rdds ef. To thet other ends of the beams arejfixed 
toe pomp rods h I, which work two force pumps op. qina. perpen- 
dicular pipe> bended round at the top so as to convey the water driven 
up the pipe into the cistern or spout t. i i are the centres of the two 
beams gh. of is a cock so constructed as to alternately admit the 
steam into either cylindiBr. 

In the situation of the machine shewn in the figure^ the steam in 
the boiler flows through the open passage into the cylinder r> and 
prases the piston upwards: this depresses the pomp tod A^ and 
forces the water under the plunger, up th^'pipe q. Wnen tlie steam 
has raised the piston c to nearly the top of the cjimder, ih^ cock jp 
is turned one fourth of a revolution, s6 that it opens a passage 
between the cylinder s, and the boiler; and between the cylinder r, 
and the open air. The weight of the rod fi and the lead in tihe ^ton 
c, being greater than k and 6, the piston descends by its gravity to 
the bottom of the cylinder, driving out the steam which- raised it into 
the atmosphere. ' Fr6m the construction of the ^^ four way cock** at 
the'motneiit "ill Whicti the passage into the cylinder r was closedj^. 
andther pa38%e Was opened between tl^ boiler and cylinder «; the ^ 
elasticity 6f the steain 'forces the piston '(/ upwards, and deipresses the ' 
plunger at the ^hd of the rod /, and impels the water, in ue barrel p 
under it^ up the pipe q. When the piston d has reached the top of! 
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the cylinder, or made its stroke, the further pasiage of Btemn from the 
boiler is shut off, by turning the cock x; and the steam escapes into 
the atmosphere through 2 ; and d deaceods in the cylinder by its 
peponderance in the saine manner as c. Dnriag the ascent of d, c 
baa bllen to the bottom of the cylinder r. The steam passage fron 
the boiler beiog then opened, c is again raised in its cylinder, while 
the rapoar in « is escaping into the atmosphere ; thas prodacing am 
sltemate rertical motion in the pump rods k I. 




Snch was the construction of the first high-pressure engine, which 
for simplicity has never been exceeded. The extended use of such . 
engines at the present day,proves that the public opinion is materially 
changed in r^ard to their utility and safety. The risk of explosion 
was a drawbadc upon them, which successive improvements and skilfnl 
management has almost annihilated; and we have do doubt but that, 
eventually, the low-pressure wr condensing engine will be entirely 
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abandoned in favour of those. Their superior economy by reduced 
consuttiptipn of fuel^ and reduced friction, are sufficient grounds for 
their general adoption. We should observe, however, that there is 
still a mass of prejudice to contend with, ere this can possibly take 
place, and whilst America has scarcely a low pressure engine to work 
a steam boat, it would be a hazardous speculation to attempt the 
introdadion of a high-pressure one in England for that purpose. 

But from the importance which the latter does, and will maintain, 
in the mechanical world, it will not be amiss to shew the advantages 
which they possess : and we shall first speak of that obtained by a 
saving of fuel. 

Water does not boil under a temperature of 212° of Fahrenheit, 
at which temperature its force, when confined, is barely equal to that 
of the atmosphere. But let the temperature be increased only 38° 
more, (which can be effected with a comparatively small addition of 
fuel) ai^ its force will be 28 lbs. on the square inch. In like manner 
let the tenperatnre be increased to SSO°, and the force will be equal 
to 56 His. Thus, the increased force far exceeds the increased con- 
somptkm of fud, and, consequently, the greater the pressure of the 
steam, ike greater will be the saying. Rec^ent experiments have proved 
that ste^, whep heated to 1170*, will act with a force of '56,000 lbs. 
on theji^are inch, so that we find 250° gives a force of only 28 lbs. 
whilst jt;|^ver more than four times that temperature, or 1170*, gives 
2000t)jpie8 the force | a fact sufficiently establishing the superior 
econonra.^f high-pressnre steam. 

It SMoJIfi be observed, however, that we by no means believe that 
such |H;B|B6iM'e can be nsed with safety; but we merely state the fact 
^ estfiUiij^tiie position that high-pressure engines are more econo- 
mical w^jjwr-pressure ones. 

The/a^ing of power, by reduced friction, is also another material 
advants^ in the former, because it is evident that if a force of 50 lbs. 
be obtained per square inch for 10 or 12 in the condensing plan, the 
area of the piston will be smaller in the same proportion as the 
fofce is Increased, in order to produce a given effect; therefore, the 
edges of the. pistpn being reduced also, there wi11.be less rubbing 
surface tliai^ in the other. 

Ilitiierto steam had been only employed in raising water, nor had 
any plan been devised by which it could be adapted to the giving 
motion to machinery ; Savery, indeed, says his machine might be 
spplied *' to mills of various kinds and forms, according to the dif- 
ferent genius and abilities of the millwright ;*' and that '^ it may be 
bpought to work by a steady stream," (6u a wheel), '^ and produce a 
rotative or circular motion ;" and hints, that it might be made very 
useful in ships, but he dare not meddle with that matter ; and leaves 
it to '' ibfi jodgment of those who are the best judges of maritian 
affiiirsj'* but since Savery *s machine itself failed, of course the 
projects perished with it. After the important improvements of 
Newcpmeu, it will appear evident that any effectual method must 
be very different from this; and, accordingly, we find a patent taken 
out in 1736, by Mr. Jonathan Hulls, of London;, " For a new-in- 
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vented macbbe for carrying Tcssehi or ships out or into any harbonr, 
port, or river, against wind or tide, or in a calm.** This new method 
was the application of the crank which now, it is well known, 
enables ns to employ the steam engine as a prime mover in almost 
every species of machinery. 

Unfortunately, the public mind was not sufficiently matured to 
interest itself in the project, and, in consequence. Hulls and his patent 
were so completely forgotten, that the invention has been susbsquently 
claimed by Watt. 

. We should here observe, however, that whilst we give due praise 
to Hulls for the greatness of his project, we feel satisfied that New- 
comen's engine was not at all adapted to the proposed combination ; 
as the great difference in power between the ascending and descending 
stroke of the piston would have r^uired a ponderods fly wheel to 
have any thing like equality of motion, and a fly wheel would be 
an inconvenient accompaniment to a steam boat. The idea, how- 
ever, was great, and the ingenious inventor deserved better success 
than he obtained. 

We should not omit in this place to notice Blakey*s patent, in 
1766, for improvements on Savery*s method of raising water. To 
avoid condensation he proposed to introduce oil on the surface of the 
water, because oil did not so readily absorb the caloric : but his 
principal improvement consisted in the boiler, which was formed of 
small tubes, completely filled with water. The proposed improve- 
ments drew forth the attention of almost all the scientific men of bis 
day, many of whom declared it possible to conduct the influence of 
^team to the centre of the earth, " But,*' says Homblower, '^ an 
accident terminated the event as to the experimental en^ne, by one of 
the steam vessels bursting through the force of steam, though much 
under the degpiee of power proposed by the Cornish gentlemen. Such,* ' 
continues Hornblower, ** is the degeneracy of man, that whilst the 
States General of Holland were pluming Blakey with the gaudiest 
expressions of approbation, not one instance is to be foundi in which 
lie met with that support he had been !ed to anticipate." 

The drawing here given exhibits Blakey*s boiler, or generator, 
the principle of which, our readers will observe^ has been renovated 
in Perkins's recent attempts. The success attendant upon the reno- 
vation has fallen short of calculation, but this has been owing rather 
to the mode of application than to. the generator itself, which for 
safety and portability never will be surpass^}. The cause of Perkius's 
failure we shall notice in its proper place. 

a represents the furnace in which the tubes, bed, are placed, 
ivhich are connected by small pipes ; /is a funnel for supplying the 
generator with water. This was the ancient mode of supplying all 
boilers, but it is needless to observe, that since the addition of the 
force pump, the former has been unnecessary. « is a cock, for the 
purpose of cleaning the boiler, by running water through the whole. 
The pipe which connects the generator with the engine is not shoVn. 
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. Mr. Keane Fitzgerald, a gentlem&n of great licientifie acqaire- 
aieDti, nnd whose ingenious dIacoTeries stand recorded iu the ^ik>- 
sophical TraosactioDB, describes, in the year 1758, an iaveotiou, by 
which he proposed to obtaia a rotatory motion from a rectilineal one, 
in another way than by the crank, the application of which was 
vnknown to him. No drawing has ever been given, and wethereEore 
gjve the accompanyiDg sketch, which we gather from the words of 
theinveator: they are as follow. — 

" A rotative motion may be obtained from a rectilineal one, by 
employing a combination of large toothed wheels, and of smaller 
ratchet wheelsj worked by teeth npon the arch or sector of the beam^ 
one of these ratchet wheels being pat in motion by the ascent of the 
beam, and standing sUll during the descent, when another ratchet 
wheel is moved by an intervening wheel in the same direction as the 
first; and thus the two communicate a continaous rotative motion to 
the axis apon which they are placed, which is thence transmitted by 
a large toothed wheel to a Smaller wheel or pinion, on the shaft of 
which is afi^ to aecumulale momentum, and crank proposed to be 
applied to work ventilators, and to many other nseful parposes. The 
fly, by accumulating in itself the power of the machine during the 
time it was acted npon, wonld continue in motion, and urge forward 
the machinery whilst the steam engioe was going through its inactive 
retDming stroke." 
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Let a, then, represent tbe cylinder on the princijilc of Newcomea ; 
& c, two racks, of which c is the pitton rod ; these racks are toothed 
on two angles, two for the purpose of being moved by, and giving 
motion to the connecting pioion, d, and the rcmaiaing two for the 
purpose of working the (ecton, eft theM sectors have palls or 
catches fixed on each 4f tbenij which are gilnated so as to fall into 
the teeth of the ratchets, ^i. We-vitl now soppose the piston rod 
or rack, c, to be ascending : then the catch on the arm of the sector 
will torn round the ratchet, and the axle upon which it is fixed, a 
portion of a revolntion. TUs modon will be continued nntil the 
piston has reached tW top, Vvhen the pall of the sector, /, falls into 
the next tooth of the ratchet. The ikMion of the piston is now re- 
Tersedi bat by the intervention of the pinion, d, the rack, 6, begins 
to ascead, and repeats the same operUion upon the ratchet, g-, as 
the other sector did apon h : thna-, the two sectors alternately act 
apon the ratchets, and ke^ the ade in a cinitinDOUA rotative motion ; 
this motion is cotDmunicated to another axle by the wheels, tj: on 
the Utter ana a fly ia filed, which preserves the 'motion eqnable and 
r^nlar. 

We adssira the ingentuty of this invention, althoogh we are 
■atisted it wonld never answer tlie proposed end.- The principal 
objection wonid be that of the piston striUng violently the top and 
bottom of the cylinder ; becanse, as the motion of the fly is obtained 
from the direct action of the piston rod, any decrease of speed in that 
mnst likewise decrease the speed of the fiy-wheel, And therefore 
prodoce an irregnlu motion. Not so the common <78nk, which 
natnrally retards the motion of the |Hston, as it af^raachea the top 
and bottom of the cylinder, whilst itself reTotres at the same speed 
throDghont. 

We now come to the most important era in oar history: that in 
which James Watt commenced 'his invaluable exertions in the im- 
provement of the Steam Engine. It is not in our plan to |[ive 
biographical sketches of the inventors who come under onr notice; 
bnt as the beginning and progress of Watt's <»reer form some of the 
principal events of his \ito, our history mast here assume somewhat 
of this character. 

James Watt was born in Greenock, in the year 17S6. He was. 
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at the Rge of IG, apprenticed to a mathematical instrument maker. 
This business, it appears, differed materially from what we now 
understand by the term, consisting of land-surveying, making and 
repairing clocks, almost every kina of musical instruments, fishing 
tackle, and cutlery. In the year 1757 he was appointed mathema- 
tical instrument maker to the University of Glasgow, and apartments 
were given him in the college, in which be lived and transacted his 
business. 

It appears that at this period the college of Glasgow possessed 
apparatus and funds by which they Were ensibled to contribute largely 
to the general diffusion of nseful knowledge among that class of 
individuals to whom it was peculiarly beneficial. This was one 
among the many advantages whicli arose from the establishment, but 
the greatest was that of exciting the attention, and drawing forth 
the energies of young Watt. We shall give the particulars of the 
commencement of his career in his own words, being satisfied that 
we cannot exceed them either in simplicity or effect. 

— '' My attention,** says he, /' was first directed in 1^59, to 
the subject of steam engines, by Dr. Robison, then a student in the 
Umversiity of Glasgow, and nearly of my own ase. Robison at that 
tim6 fhre^ out the idea of applying the power of the steam engine to 
the moving of wheel carriages, and to other purposes ; bat the 
scheme was not matqred, and was soon abandone4 on his going 
abroad." 

'' In 1761 or 1769 I made some experiments en the force of 
steam in a Papin^s digester, and formed a species of steam engine, 
by fixing upon it a syringe one tlurd of an inch in diameter, with a 
solid piston, and furnished also with a cock to admit the steam from 
the digester, or shut it off at pleasure, as well as to open a comnni- 
nication froln the inside of the syringe to the open air, by which libe 
steaiin contained in the syringe might escape. When the commaai- 
cation between the cylinder and digester was opened, the steam en- 
ter^sd the syringe, and, by its action upon the piston, raided a 
considerable weight {16 lbs.) with which it was loaded. Whenth^ 
was raised as high as was thought proper, the communication with 
the digester was shut, and that with the atmosphere opened 3 the 
steam then made its escape, and the weight descended. The opera- 
tions i¥ere repeated ; and (though in this experiment the cock was 
tamed bv hand) it was easy to see how it could be done by the 
machine itself, and to make it work with perfect regularity. But 1 
tSa6n relinquished the idea of constructing an engine npon this princi- 
ple, from being sensible it would be liable to some of the objections 
against Savery's engine ; from the danger of bursting the boiler, and 
the difficulty of making the joints tight ; and also that a great part of 
the power of the steam would be lost, because no Taonim was formed 
to assist the descent of the piston.*** 

* Xke reasons here given by the historian will «[^pear, to jnodern flMcka- 
nicst Tery futile and insufficient. It is now a mattor of no ** difficulty to 
maka the joints tight ;*' and high-pressure steam, it is well known, is more 
economical than that at which Mr. Watt worked his ejif ioes. 
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The attention necessary to his business of a mathematical instru- 
ment maker, prevented him from prosecuting the subject any further 
at this time. But in the year of 1763-4, having occasion to repair 
a model of Newcomen's engine, belonging to the Natural Philosophy 
Class of the University, his mind was again directed to the subject. 
At this period his knowledge was derived principally from Desagu- 
liers, and partly from Belidor. He set about repairing the model as 
a mere mechanician, and when that was done and set to work, he 
was surprised that its boiler was not supplied with steam, though 
apparently quite large enough (the cylinder of the model being two 
inches in diameter and six inches stroke, and the boiler about nine 
inches in diameter) ; by blowing the fire it wils made to take a few 
strokes, but required an enormous quantity of injection water, though 
it was very lightly loaded by the column of water in the pump. It 
soon occurred to him that this was caused by the little cylinder 
exposing a greater surface to condense the steam than the cylinders 
of larger engines did, in proportion to their respective contents ; and 
It was found that by shortening the column of water, the boiler coold 
supply the cylinder with steam, and the engine would work regularly 
with a moderate quantity of ii^ection. It now appeared that the 
cylinders being of brass would conduct heat much better than the 
cast iron cylinders of larger engines (which were generally lined with 
a strong crust), and that considerable advantage could be gained by 
making the cylinders of some substance that would receive and give 
out heat the slowest.* A small cylinder of six inches diameter and 
twelve inches stroke, was constructed of wood, previously soaked in 
linseed oil, and baked to dryness. Some experiments were made 
with it I but it was found that cylinders of wood were not at all 
likely to prove durable, and that the steam which was condensed in 
fiUing it still exceeded the proportion of that which was required in 
tngines of larger dimensions. It was also ascertained, that unlesis 
the temperature of the cylinder itself were reduced as low as that of 
the vacuum, it would produce vapour of a temperature sufficient to 
resist part of the pressure of the atmosphere. All attempts, there- 
fore, to reduce by a better exhaustion, by throwing in a greater 
quantity of infection water, was a waste of steam, for the larger 
qiiantities of injection cooled the cylinder so much, as to require 
quantities of steam to heat it again, out of proportion to the power 
guned t>y having made a more perfect vacuum ; and on this account 
the old engineers acted wisely in loading the engine with only six or 
seven pounds weight on each square inch of the piston. 

It appears by. Dr. Ure, that Watt tried some experiments re- 
garding the latent heat of steam, of which the Doctor gives the 



* The inventor was right in proposing to use some material which would re- 
ceive and give out heat the slowest, but greatly in error when he supposed 
polithed turfacM would coadoct heat quicker than rough ones. It has been 
repeatedly proved, that rough surfaces are best adapted to give out or receive 
heat» the unevenness of the surfaces acting lilie an immense number of con- 
doctors to and from the metal. 
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following ac(5oiiQt :— '' In some coDvereations witli which this great 
oroament and benefactor of his conntry honoured me a short period 
before his deaths be descfibedj with delightfal nmveU, the simple, 
bat decisive expeilments by which he discovered the latent heat of 
steam. His means and leisure not then permitting an expensive aiid> 
complete apparatnsj he used apothecaries' phials: with these he 
ascertained the two main facts, first, that a cubic inch of water 
would form about a cubic foot of ordinary steam^ or 17^8 inches j 
and that' the condensation of that quantity of steam would heat six 
Gobic inches of water^ from the atmospheric pressure to the boiling 
poiiit. Hence he saw that six times 4;he difference of temperature, 
or fnlly SOOf" of heat, had been employed in giving elasticity to 
steam, and which must be all subtracted before a complete vacuum^ 
eould be obtained under the piston of a steam engine.** 

The great experimentalist deserves as much praise for these ex- 
periments as for any thing he ever effected. Upon the facts developed 
in this enquiry, he built up the theory which shall carry his natne to 
post^ty. Although he modestly ascribes his discovery to Dr. 
Bkck's explanation of his theary of latent heat, there can be no 
doubt that these experiments were more decisive and useful than any 
theoretical explanation could possibly be. . '.i 

He found, therefore, that his first business was to keep the 
cylinder as hot as possible, and that to obtain a toletaUe yaciiumy 
the temperature of the condensed steam should be at most 100°, aod 
less if possible. Various were the means whidi were contek|iptated 
to effect these ends, when, early in 1765, it struck him, ^' that if 
a communication were opened between a cylinder contaimng steam, and 
another vessel which was exhausted of^ air and other fluids, the steam, 
0g an expansible flwd, would imme^tely rush into the empty vessel, 
and^ continue to do so until it had established an equilibrium j and if 
thai vessel were kept very cool, by an infection or otherwise, more 
^eam would continue to enter until the whole was condensed.^* 

So far we have the invention complete ; but still the condensed 
water and incondensible steam were not disposed of, and how to. rid 
the condenser of these was long a matter of difficulty. The water, 
indeed, could be allowed to run off,- by haying a pipe whose length 
would exceed that of a column of water equiwent to the pressure 
of the atmosphere, but the air was not removed. At last it occurred 
la -him that a pump would draw off both air and water, and presenre 
a perfect vacuum in the condenser. 

' Thus ivas completed one of the greatest bventions ever known. 
By the simple operation of thought, in a few days was effected that 
which' had hitherto been deemed an impossibility— a hot cylinder and 
a perfect vacuum. * 

We should act unfairly if we concealed that Mr. Watt has been 
denied, by some men of great respectability, the merit of discovering 
the separate condenser. Homblower says, '' It occurred to Mr. 
Crainsborough, the pastor of a dissenting congregation at Henley on 
Thames, and brother to the painter of that name, that it would be 
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a great improvcmeot to condense tlie steam in a Testel distinct from 
tli» cylinder where the vaoram was formdl ; and he undertook a set- 
of experinents to apply the principle he had established^ which he 
did^ b^ placing a small vessd by the side of the cylinder; whidi wae 
to reoeire jnst so nnidi steam from the boiler as would discharge the' 
air and oondeneing water^ in the same manner as was the practice 
from the cylinder itself in the Newcomenlui method^ that is^ by the 
shifting Tdve and sinking pipe. In this manner he n^ed no more 
steam than was jost necessary lir'thlit ^Mffdcolar porpose." The 
drcnmstances as here relate receive some "oonfirttridon^ ' by ' a'detib-* 
ration of Ml*. GaiDsboroogb, the pdater^ to Jub.' J; More, ^latr 
secretary to this Beisiety of Arta« who gave Uiewriter of this artide 
the mformalioD. Whether he dotheid the eytinder ak Mr. Watt-^doer 
is uncertain : but his modd succeeded so weU, aa to^ induce'sone^ 
the Ckmish adventurers to eead their engineers to examine it 5 and 
their report was so &vonrable as to induce an intention of adopting 
it. 'Thisy however, was soon after Mr. Watt' had :his Acf m 
Itelianleat passed for the extension of Ids tefm'i *and he had at the 
sametime-made proposals to tiie Cornish gentlemen to seodliiiit 
epgine into that eovntry.' Iliis Decessarily brought on a tompetition, 
in which Mr. Watt succeeded : but it was asserted by Mr. Gwna-^ 
borough,- thM^the modi' of condensing out of the cyUnder was laom- 
nranioatedto Mr. Watt by the offidoos folly of an acqnidiitanoe> wbo 
was fuHy informed ef what Mr. Gainsborough had in hand.** 

At this date itisiimpossible to decide tlw merits of thdr respeo* 
tive cUtais; It does- not j^^pear that much cMence has been ^ves 
to the statement of Hornblower by recent writers, but we certainly 
consider that it throws oonsiderable doubt upon the matter; We4>]i 
no means tinnfc'with Dr. Brewster that Homblower> igBorance «C 
these dronmstanoee, 'wUen examined beibre the Hoose of domoMAuix 
precluded the posmbiiity of his knowing them afterwards. But tbertl 
18 so much detraction where there is merit) that we sincerely h^a 
this solitary t^stimoity is dubious, espedsHy ■ when we consider that 
Mr. Hornblower W8(8 a rival of Watt daring' the whole of bis careec/ 

It should lik^vrists be observed, that the addition of a pump lar 
the condenser is neverdisputed to beihe inventkti'of Watt, af^ this? 
is essential to its uMlity. One only instance have we knowaof A ooiHr 
denser without Ke. air«^mp, and 4lie engine wetat vei^ inregnhfei]^ 

The drawing l»ef<ive<us represents Watt's engine^ 'vrith iieariy|^ul. 
his improvements,* and exhibits it in a state ofptirfiBCtion* te'tvhifk 
it was only brought «t a late period t>f' his life. It serves oar pur- 
pose better to explam'-his- successive alterations and additiops ia tlA 
way^ than to give- separate and unconnected diagrams,. Hbich- woiiJd 
but convey to our readers an obscure and indefinite idea of th^ 
arrangement. We shaH first proceed to explain the prindple ofihis 
machine, and afterwards detail the dates of the improvements ;i^ they 
were added. *! - 

Our readers must suppose the cylinders, a, to resemble that of 
Newcomen's engioe> excepting that it- is more accurately bpred, so 
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that it may be perfectly cylindrical througboat.* It is fitted wicli 
a lid or covering at top and bottom instead of being left open at to^ 
as in the old engine. In the centre of the upper covering is a hole, 
throogh which the piston rod passes; on this lid is the staffing bos, 
c, the lower part of which conaistff of a hoop or^caviiy, with a flandt 
and screw holes. The interior of the Sivity is large enough toadmk 
some soft vegetable substance (hemp or cotton) to surround the pia- 
ton rod, whichis likewise accurately turned. The covering or apper 
part of the stuffing box is less than the interior oi the cavity iawucii 
the stuffing is lodged 3 when, therefore, the screws are tightened the 
upper* pakt presses the stuffing close to the piston Tod^ and prevents 
the escape of steam. f d is the beam made of cast iron. It resta 
upon the centre, e, and is connected at the further end by the con- 
necting rod, f^, to the fly wheel, g, the axis of which drives the 
machinery, fhe mode by which the revolution of the fly wheel it 
effected is by what is called a sun and plmnet motion, and watf bethns 
(explained i—h is a toothed wheel, bolted on to the conaeetiilg rod 
so that it cannot revolve upon its axis. is likewise a t6^hed 
wheel fixed to the fly wheel axis so that they cannot revolve but in 
conjunction. The centres of the two wheels are connected by a bar, 
so that the centre of the wheel h describes a circle, of which the fly 
wheel axis is the centre. The fly wheel, in this instance, makes a 
revolution at each stroke of the piston, differing essentially from 
the common crank, which makes but one. re volution for two strokes 
of the piston. The latter may be* compared to a man turning an axle 
by a handle, whilst the former is like the same axle turned by a 
wheel; /£m«? /upon the handle. Tiie principle will be bettemnder- 
stood by reference to our drawing. 

Let us suppose the connecting rod to be descending. At present 
the points, 0, are in contract : but, when the connecting rod has 
descended to the lowest part of its circle, the points q q will be in 
contact 3 the number of teeth between and q corresponding in each 
wheel ; but this cannot take place until the wheel h is directly under 
the wheel on the fly wlied aidss ; and as the\iH8ton has but'bilf a 
stroke to make before the wheel h will be under the other whed, the 
latter wheel must perform a semi-revolution, whilst the centre, il, 
has only described one-fourth, or, in other words, for each half stroke 

* This reqair^d a degree of perfection in the art of borinf which -had not 
^en attained preTioni to the time of Watt. The method hitherto adopli^d bad 
been to depend upon the accuracy of the casting for the g aidance of tlie cat- 
ter, and as thb was eiflier fireqnentl j nntrue, or in some parts sofler thaa in 
others, the boring yaried from the true cylinder when either of these mis- 
chances arose. The improved method obviated these objections bj fixing the 
catter block firmly upon a cylindrical bar, and causing the cylinder to 
roaolve after it had been accurately chucked, and the cutter block was pro - 
peUed the length of the -cylinder by a screw in the interior of the hmr, 

t Mr. Watt proposed to use leatlier for stuffing. TItts, it is^ell known, 
would be speedily destroyed by beat, fiomblower made the blunder of his 
groat rival a constant theme of his wit« and so far did he carry his dIsposilioB 
10 langh at Watt, Hbmi in his own specification he said, ** Th* wtuJUng ioje W9uld 
heJiUed ttiih asmu toft tubst/mce, but not leather,'* 
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•TtllM piitoD : and a wkole reroktioo for each stroke thereof. Tho 
adnuitages of .whieh are, .that the fly wheel makes twice the nnmbec 
of jeevolotions by this method, than it wopld by the common crapk ; 
so .that a lighter fly wheel is required ; besides which, it is extremely 
eoi|:^€BieBt where a rapid motion is necessary. There are, however, 
teiseral disadvantage attending it, among wbich may be enumerated 
those of its being less simple, more expensive,. and /n|ore easily 
d«c^ged. 

, A e m is the parallel motion j the purpose of thi» is, to keep 
the piatOB rod perpendicular, whilst the end of the beam (to which 
it 18 attached) describes a segment of a circle. . e / represents the 
notion of the piston. rod, and b c d a . 
th^ motion of. the end of the beam, . the 
t&^tre of. which is at g. , The points c d 
upjhe only ports where the two motions 
coincide ;. and it would be impracticable , 
to.connect a piston . rod, whose move- 
ment is rectilineal, with, the end of. a 
hi^ani whose movement is cnrvilineal, 
ei^cept by a rack and sector. This was 
Iri^, and found extremely objectionable, 
and finally gave way to the parallel 
notion. : 




^ / 




The following explanation will inform our readers of the princi- 
ple of. all such ^parallel motions, a represents a beam, of 'which 6 
18 the centre, and c d another beam of equal' length, e / is a rod 
joined to the end e of the beam d, and the end of the beam /of the 
bMm a. The piston rod g is attached tp^ the middle o'f tne piece 
e/; and as the beams are of equal ra^ij^ therefore the vorsed sizes 
are equal, but in opposite directions, so that they correct each other ; 
for when the end f oie f is at 'any given distance from the perpen- 
dicular line g k, the lower point e ofefis drawn the same disti^oe 
.'ftom.the'perpendicular in the contrary direction 3 and thus the centre 
of^the piece e/* will always remain in the parallel line gh. 

Though we may thus illustrate the priticiple of the parallel mo- 
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tioD, yet Cht6 inetho<l is seldom er never adopted; is- it r^4|«iiee 
ilMcli ektra fo)om> beci&ilse tlie beam € d being k^f tbe lengtli ol^ tW 
tkini hekm, the engid^ fao«i«e must, to admit it> be nearly ^MMflNLf 
toiig^ir'than Is required for the beam alone. The fprra |feaerally ptt^ 
iHMA, \k that giTen in our connected drawing, to which we will 
Mhr. The pisC<>n rod is attached by pivots to the end of the vc^ 
ftr ^i^CNito jr*' wht<4i lire also connected by pivots to the ^nd of tha 
beam. The rods^ m are of equal length with those attached to tlie 
t^tdn, and tdrn fi{>on similar pivots on the beam, ^'hette roda are 
Mat&llictM by' the bridle k, so that tbe ends of m and r deserybe a 
AMiMr Hne when* in fnotion. The beam or rod « m it equal* in 
length to the part of the beam e g, so that e g me wotdd seplrrat^y 
cshibit the same appearance, and produce the same efect as woiM 
the' apparatus exhibited in our last diagrain : that is to say,- there to 
a point in ^ m which describes a rectilineal motioa. We hafe 
already shown, that by tlie irod k, the pieces g m and the {i^eees r 
moat act in conjunction, so that if a pttridlel motion iS' obtained in 
g'm, it must likewise be obtained in r. To that part of r the piston 
' h>d is attached, and is thereby kept parallel during the ascent- and 
descent of the beam. . . ^ 

' The governor or pendulum » s, is nsed for regnlatiag the qnantily 
of steam admitted into the cyiindec, and laayt^ easily nnderfttood. 
The balls are heavy, and rise or fall according to tbe speed. * Wli e n 
the engine goes tod quickly, they also |-evolve with equal rapidity ; 
and in doing so, the bails from their centrifugal force being increased^ 
'recede from the centre, and thereby raise the levers by which.they 
are suspended 3 these levers are connect^ with the shorter ones, u u, 
which^ in expanding, cause the ring or strap, t^^ to descend. Into^ 
ifrbove of this ring a fork or semicircle is made to fit, which fixed to 
the end of the lever, w H, so that as much as tbe strap ascends tbe 
forther end of the lever descends, and by the rod^ H Z, depresses 
the handle of the throttle valve, Z, which is a vane in the interior of 
the steam pipe, of such dimensions as to completely fill the pipe in 
one position, and by presenting its edge to tbe steam in another, to 
bppose no resistance to the entrance of the. steam. 

Wq must now return to the cylinder and condenser, the latter xii 
which is not shewn, but may be briefly described. It .consists of a 
l^b^ immersed in cold water^ and connected at the bottom by a pipe 
to a pump, which is worked by the rod, 4* Hie use of ttiif puOipis 
tP preserve the vacnnm by drawing off uncondensed vaponr and the 
wilter of injection. It a^ precisely on the same principle as the 
coomon air pumpj ftoid b^s tbe same name^ the rec^eiver being the 
fS(mdenser<, and the pump^aimilar in both. We will now suppose 
Steam admitted from the cylinder : a valve^ called the blowmg vahhB, 

i opened^ which permits the ^team to enter the cylinder and con- 
nler^ and drive out the air. When the air i9 expdled> which msy 
known by the crackling noise and ebullition which takes place in 
the water^ (the former arising from tb^ globules of pnre strain rapid))' 
ionndensing, and the water therdby collapfing)^ the blovring vs}ve it 
that, and the valves arranged so that the steam can enter the upper 



|fort vt tSle cyliiider. * Tiia steam acting ib conjuctioa #itb th*' vaciMttt 
now lonned on the lover stdd of the praton causes it to deaoewl ifb Ike 
hotton. The lerer, 1^ is noMrtunied downwards^ and shntathii 
▼alvei whilst 2, on a pipe behind tb&t which we see^ opens a paaaage 
to the condieoter. The lever^ 3^ is at tlie same time opened, admit- 
tfng-tbe stemii under the piston, whidi consequently ascends. In 4lin 
set of rising, a jet of cold water is admitted into the condeastr, 
irhSch expecUtes the condensation. There are a number of tapytta 
en tbe {tamp rod, 4, whioh repeat tiie changing of the valves whnn 
t^ engine is left to itself. The water in the reservoir snrronnding 
the ooodenser would be soon lieated by tlie steam, bnt that a pnnp 
worked by the rod, 5, keeps a' constant supply of cold water from the 
well; * 6 is a small pump, which supplies the boiler with water fiom 
- the heated water drawn out of the condenser. 
' ' ' Having now explained the mode of opa*ation, we have to state 
thst tlie first engines were used for pumping water, and for that 
ffmrpase alone: The first engine, therefore, was like Newoomen's^ n 
single acting one, as its power was only exerted in one directioa^ 
k vrne covered kt ih^ top like the double engine, but instead of having 
the steam and vacuum to aid it in both ascent and descent, the vncnum 
im^ enlyiisedin thfe descending stroke of the piston, wbibt.the 
hsoendi^ on^ was effeetod by a heaVy weight or coanterpoiee at tkm 
pother cmd of the beam. During the latter operation the stean wm 
adihitted by a valve from the upper to the under »de of thB piston^ 
and was there used for forming the vacuum below, fiy this meUu>d 
the air was en^sly excluded from the cylinder. 

The ^rM engine was of this description : it was erected on the 
estate lof the Duke of Hamilton, at Kenneil, about a mile from Bor* 
rowstoness, in Scotland. The cylinder was 18 inches in diamctsc, 
^ and it was successively altered and improved, until it was brought 
to considerable perfection.** In 1768 and 9 a patent was procured 
fbr die Invention} and in conjunction with Dr. Roebuck, (the founder 
e# the Carron Iron Works, and through whose interests the experi- 
SMntal engine had been erected at Kenneil) arrangements were oMide 
to manufacture on a large scale, when, from pecuniary embarrass- 
nMntn^ the Doctor was obliged to withdraw his promised «d, and 
Watt was abontto abandon his project. It fortunatelv happ en e d^ 
however, that a n^fociation was opened with Mf . Matthew Bolton^ 
of Plrmingham, which was concluded in 1773. 

From this time things went on successfiilly ; his colleague was a 
man of wealth and influence, and lent Kis utmost aid to the extension 
^of the sale, which was effected with great difficulty, chiefly arising 
from the increased cost of erection. The patentees erected the 
engines at such prices as could be obtained, and received a third 
part of the saving of coal, which.saving was decided by a machine 
similar to that now used on Waterloo, Sonthwark, and Vauxliail 
bridges. It consisted of a train of wheel wofk, which was moved at 
each stroke of the beam, and, of course, it coiild be easily ascer- 
tained how many strokes had been made in a given tiine. 

In the early engines a rack and sector were used for the purpose 
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of worldiig the beam by the pistob 5 but this was very defective^ anl; 
easily disarranged^ espeda&y when the direction was reversed. 
This gave way to the paralkrmotion : one of the br^htest thoogfats 
whioh ever occurred to Mr. Watt. 

Another difficalty was the irregular motion of the engine^ which = 
was sofaject to considerable variation in speedy as the supply of 
steam in the boiler varied. This was obviated by the governor acting 
upon the throttle valve, which^ we have already shewn, admitted 
mmreorless steam, as the speed decreased or increased. The 
governor was not Watt's invention, bat had been previously nsediin 
com mills, which were subject to similar irregularity. When the . 
stones moved too quickly, the meal^ by the rise of the stones, ^ was 
too coarse, when on the contrary, the motion was slow, the meal 
produced was small in quantity and too- fine. The governor^ • or: as 
it was then called the teni'lifier, brought the mill stones nearer whea 
in rapid motion, and removed them further off when slow. This in- 
genious regulator >vFas. applied by. Mr. Watt to his throttle valve> 
and has been ever since used for that purpose.- 

Mr. Watt in 1T78 states, that he contemplated the practicability ' 
of obtaining a rotative motion from the reciprocating one^ and for .this 
purpose he thought of the crank (for which we have seen Hulls hi|d 
previously obtained a patent, but which was unknown to Watt)^ ami 
iriien he had nearly brought his project to bear, and was about taking 
out a patent for it,- he found that a Mr.-Wasbrough, of Bristol, haa 
already obtained a patent for the crank } Mr. -Watt therefore finding 
himself thus prevented from using his inv^tion, set about some&ing 
which 'might answer the purpose instead. . This he effiscted .by. his 
sun and planet wheel, which possesses, as we have siud, some ad- 
vantages over the other. 

Thus we have briefly described the successful application, and the 
brinsing into general adoption, this nearly perfect machine. We 
concSude this chapter by observing, that although there is scarcely - 
a week passes without a patent bong taken out for an improvement - 
in the steam engine, it has undergone little positive amendmenti 
Thoifaults have been little remov^ by all the talent jmd industry 
«xerted for the purpose; but these defects, and>the attempts to 
jremove them, we shall explain in the following chapters. ^ 
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CHAPTER III. 

^•irrSXTt* —DSVtCTi OV BOLTOBT ABTD WATTN engine. — VmCTrON— RECIPRO« 
CATIOW — POWER OP THE CRANK— NO POWER LOST THEREBY — IRREOOlJLR 
WRAR OF TBE FltTON ROD AMD CTLIMDER. — DIlADYANTAQEi ATTENDlNO 
Tan DiB OP TWO ENOtNEI WITH TBS CRAHBI AT RIGHT ANGLES WITB BACB 
OTBER«— WATT*! RO rATOR Y ENGINE — ^WATT's SEMI-ROTATIVE AND ROTA* 
TIVB ENGINES — BRAMAB*S BEMARKS ON WATT. 

Wb now come to speak of tbe imperfecUoos attendant on tbe 
B<3JtoQ and Watt enf^ne : these are> friction from tbe rubbing of tbe 
moTiDg parts agunst each other — tbe reciprocation of the machinery, 
and tbe irregularity of the motion : we shall notice them snccessively. 
lst> The nibbing of the parts against each other* — This evil must 
exist in every conceivable form into which the steam engine may be 
modified^ but no doubt the quantity may be considerably reduced. 
The steain> in order that we may have its full eflfect^ acts against a 
moveable piston in a cylinder ft'om which it cannot escape. This 
piston is^ as has been explained^ packed or stuffed on its edges^ which 
prevents the steam from e9caping past it } and from the nature of the 
material used for packing, and the tightness with which it is pressed 
against the cylinder the friction arises. This is sometimes so great, 
that we have seen engines where the whole force of the steam could 
not give them motion. It is usually estimated at one third of the 
power of the steam — that is to say, if the steam acted upon a piston 
with a force of 1500 lbs., the effect jnroduced would not ^ceed 
1000 lbs., a power of 500 lbs. having been absorbed by the movement 
of the machinery alone. 

The next objection is the reciprocation of the parts. This is an 
levil of considerable magnitude. It originates from an inherent law 
in matter, by which all bodies have a tendency to continue in the 
motion communicated to them, or remain in their natural state of rest. 
if a cannon ball be discharged from the mouth of a cannon, it requires 
m exertion of force to give it an impetus greater than would be re- 
faired to continue its motion. If its progress be arrested whilst in 
VkiDition, a shock will be experienced by the body which impedes it, 
tk^ force of which shock will vary as the velocity of the ball. When 
lids ball ceases to move without any visible impediment, it is not that 
its original impetus is exhausted or spent, (though the latter term is 
freq^iently used) but that it is ffradually overcome by the particles of 
air which form a succession of points of. resistance upon which its 
force is nearly destroyed, and it is then drawn down to the earth by 
the superior attraction of gravitation. If we could destroy the inter- 
mediate resistance of the air, the ball would continue in motion for 
ever, because nothing would intervene to destroy the primary impetus. 
Tl^s property of matter occasions a considerable destruction of power 
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ia the Bteam engine. The motion of a massive beam^ and its neces- 
sary appendages of machinery, a piston, connecting rod, parallel 
motion, and pump buckets, have to be reversed at each stroke of the 
engine, and that too when the speed is very great. I'he natural 
state of rest, or vmnerfus, u e. the force of inactivity, has to be overcome 
at thecommencement of each stroke, and when a great velocity is acquired 
it is as suddenly checked to prepare for the returning one. This 
necessarily produces a great strain upon the machinery, which mu»( 
be made proportionably more massive : and it requires likewise great 
akiU in the eonstrnctioa of the engine house to prevent its being 
ultimately destroyed by the alternate push and pull which it experi- 
ences at eacli reversion of the beam. We have repeatedly noticed 
the best constructed engine houses shaken, and almost falling to 
pieces from this cause. 

Various schemes have been proposed to remedy one of tbe evils 
of reciprocation. We mean the shock experienced by the reversioti 
of the matter. It is not expected to prevent the loss of po\ver sus^ 
tainod thereby ; for that must remain as long as the law ef >^hich we 
have just spoken exists. Where a crank and fly wheel are used to 
obtain a rotatory motion, a shook is prevented by the velocity beiuff 
gradoaily retarded, the crank having to perform a greater portion- w 
Its pevoiution with only the same surface of steam at the commence^ 
ment and terminatien of each stroke of the piston : we explain our 
laeaaingby reference to the marrinal diagram. 
n b\% the crank of a steam engine, of which 
the semi-cirele, d, e, a, c,fy represents the 
metion communicated by one stroke of the 
piston; when, therefore, the crank in its 
present position is moved from a to c, the 
piston is at its greatest speed, and travels 
nearly at the same velocity as the point a of 
the crank. But when moving from c to d, 
an equal piston of a revolution, the piston 
only moves a distance equal to ^ d, in the 
same space of time, as it had previously moved 
a distance equalto b g, almost double of d g. 
Hence it appears that the crank, by gradually 

decreasing the speed, is admirably adapted for preventing the violent 
shock which would otherwise be experienced by the piston striking 
the top and bottom of the cylinder, and by changing the motion of the 
beam too suddenly, but it does nothing towards reducing the powei^ 
lost by reciprocation. In pumping engines, where a fly wheel and 
crank are not used, other means are adopted to check the force of the 
piston, or guard against the shock of suddenly changing the motioit' 
of the beam. In the coal districits the usual way is to shut off the 
steam when about two thirds^ of a stroke has been performed ; the 
expansive force of that already in the cylinder, together virith the im- 
petus of the piston sufficing to bately carry it to the termination) 
wilhoat violence. In such engines springs are sometimes fixed abovvr 
jMidibaiowthe'beam, so as to cheek its progress should the steam possess 
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noRreforce than may be expected. * ' Itonce happened/ ' says Mr. Farey, 
^* that the valve of the pump bucket breaking* the engine suddenly 
lost its load or resistance, which occasioned the piston to descend 
and strike on the spring beams for two or three ^successive strokes 
with such violence as to break one of the beams, and at last the piston 
striking the bottom of the cylinder, the momentum of the beam forced 
down upon the rod so violently as to bend the great piston rod quite 
crooked. To prevent similar accidents, a smaller steam pipe was 
added to the side of the vertical steam pipe communicating with the 
passage into the bottom of the cylinder. This pipe is kept closed by 
a valve ; but if the engine descends so low as to strike on the spring 
bcam^ a catch pin on the beam strikes a small lever, and by a wire of 
commnnication opens the valve and lets the steam into the lower part 
of the cylinder beneath the piston and thns destroys the vacuum, so 
as to prevent the further descent of the piston.** 

This addition, it will be understood, applied only to the single 
acting en^^ne, but it serves to shew that the objections we have^iven 
arising from momentum are not merely theoretical. 
. . The beantiful addition of the crank to the steam engine^ although 
the means of extendiug its utility tenfold has been the subject of much 
•bjecdon. Engineers and others possessing considerable claims to 
the character of scientific men, have not unfreqoently maintained that 
there is a considerable loss of power by the change in the length of 
the lever as the crank revolves. We shall endeavour to show the 
error into which such persons have fallen. 

The principle of the lever is so well known, that it is scarcely 
necessary to explain it: lest, however, it should not present itself to 
all our readers, we shall give a short description. '* In all levers the 
aniversal property is, that the effect of either the weight or the power, 
to turn the lever about the fulcrum, is directly as its intensity and 
its distance from the prop ; whence it is deduced, that if parallel 
forces acting perpendicularly upon a straight lever keep it in equi- 
librio, they will be to each other reciprocally, as the distances from 
the fulcrum upon which they act.** * Thus, supposing a bar of four 
feet in length be &xed upon a fulcrum exactly in the middle, and an 
ounce weight, be suspended at each end, the two eiids will be in 
eqailibrio, because the force of gravitation is equal, neither possessing 
it in a greater degree -, but if the fulcrum be shifted and placed three 
feet from one end, then it will require three ounces at the shorter 
end to balance one ounce at the other. If motion be given to the 
shorter end whilst the fulcrum remains the same, the end of the longer 
lever will traverse three times the space of the shorter. 

The crank of a steam engine is a lever whose falcmm id at a. It is 
the nature of the crank that its power or leverage varies with its 
{NMition. Let a 6 represent the crank, the point b is moved by the 
cdnnectniff rod^ and revolves round the centre a. Supposing the 
reristancelie eq^al to 100 lbs . or that 100 lbs. have to be raised 3. 1413 
fcet for every revolution of the crank : it is evident if a force 6t weight 
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exceeding lOOlbs. be applied at b, whilst the crank is horizontal^ it will 
be sufficient to raise the weight. Bat when the point b has descended 

to c, the length of the lever being described by 
its sine> the vertical line^ e c, drawn through 
a b, shews c a to be the length of the lever, 
which is only one half of b a. It would^ there- 
fore> require a weight double of the former 
to continue the motion. And if the crank 
1^ descend iof, the vertical line, d f, shews da 
to be the length of the lever, and to be only one 
fourth of what it was when horizontal. When 
it reaches g no power on earth applied through 
the medium of the connecting rod, would further 
continue the motion. 



To equalise this irregularity, and in some degree to compensate 
this great variation, the cylinder is of such dimensions as to give out 
a considerably greater power when the crank is horizontal than is then 
necessary. This extra power is employed to give motion to the fly 
wheel, which is of sufficient dimensions to retain the impetus antU it 
is past the point d, when the steam begins to act with effect upon the 
lower side of the piston. 





Let a represent a cylinder^ the length of the stroke of the jMSton 
being two feet, de is the crank, the length of which is one foot ; 
b c, the beam, the fulcrum of which is exactly in the middle. If the 
piston be put in motion the extreme end of the crank will describe a 
semi-circle of 3.1416 feet. Now let us suppose that a drum be fixed 
upon the axle e, whose circumference is four feet, equal to one as- 
cending and obe descending stroke of the piston. If a weight be 
suspended by a rope to this drum, as at i^ ; the power of the engine 
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at that point will exceed the power necessary to raise the weight as 
much Bs de exceeds t e. This extra power is commnnicated to the 
fly wheel, which faithfully gives it out when required. When the 
crank has descended so as to decrease the length of the lever* that 
it is shorter than t e, then a portion of the extra power in the fly 
wheel is destroyed in aiding the decreased leverage of the crank. 
And although the power gradnaUy decreases* yet the speed of the 
piston gradually decreases also* so that if the power of the crauk be 
only one half in a certain position* yet the quantity of steam used is 
only one half* and thus the effect of no part of the steam is wasted* 
the effect being in every point equal to the steam expended. It is 
true that if we could have applied the power at a point equidistant 
from the centre in every part of the revolution* we should hare ob- 
U^ned much greater leverage* but then the expenditure of the steam 
Wonld h$ve been proportionably greater. 

We will further explain this theory by referring to another diagram. 
g d represents a lever like the crank: 
g being the axle, ab are two vessels 
fitted with pistons* and in every re- 
spect resembling cylinders* excepting 
that they are curved so as to describe 
portions of circles formed from the 
point g. We will suppose that the 
piston in a acts upon the extremity 
of the crank* and that in d* at half ^ ^^ 
the distance from the centre. The ^^^ 

vessels are of the same area* so that if steam were introduced from a 
boiler* it would press with equal force upon each piston* and con- 
sequently the rods would each press with an equaJ force upon the 
points* e d. Now it would be maintained that* because at e there is 
only half the leverage* therefore half the effect of the steam in 6 is 
lost } but it will be found* that if that lever* gd,be moved any given 
distance round its centre* that the piston* 6* only moves half the 
distance of the piston* a ; and consequently* the areas being equal, 
and the distance but one half* only half the steam is expended. Hence 
it is dear* that the consumption of the steam in every point of the 
lever is only equal to the effect produced. 

There are minor objections against Watt*8 engine which* never- 
theless* should be noticed. One is the waste of steam at the reversion 
of the motion of the piston. First* from the pipes between the valve 
and the cylinder. In filling the cylinder these must be filled* and in 
discharging* these must likewise be emptied $ so that they are filled and 
emptied at each change of the motion . But in the cylinder every particle 
of the steam produces an effect : whilst here the steam used produces no 
effect, and is therefore wasted. Secondly* from the changing of the 
valves themselves at the improper time. It may indeed be said, there is 
no proper time to change the valves* because there is no time at which 
they can be changed without disadvantage by loss of steamy and the 
dimcnlty of determining the precise time frequently occasions their 
being changed at snch a lame as to waste more steam than is unavoid- 
able. The necessary waste arises from the change of the calves being 
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a.w^rk of time, vhilit tlie reversioD of the stroke i$ iDStaataae^is : 
therefore, either the change of valves begins too soon, and i^doaits 
ateam in^ the vacuum b«|bre the stroke is completed, or ends to# 
late> and admits steam intorthat part of the cylinder when a vacmym 
is forming, thereby preveating its formation ; or otb^\Wse it is 4|t«> 
tended with both these disadvantages. The improvements in tbe 
valves^ we are sorry to say, have but increased this difficulty^ and 
whioh we shall notice in tliieir proper place. 

Another disadvaatage is the nneqaal form into 
wUeh the cylinder and piston rod become worn after 
having been some years in use. This arises from 
the varied speed at which they travel, and to their 
not passing over all parts of the surface. We have 
seen a piston rod in use full as much out of form as h- 
that in the drawing, and cylinders nearly so. The 
form, of the piston rod arises from the parts 1 , 9, 
and 3^ 4^ being only partially drawn through the 
st^ng box, consequently less rubbed than the 
middle, which is drawn through at each stroke. 
The decreased diameter in the middle of the rod 
arises from the speed being greater there than at 
other parts, (the cause of which we have explained) 
and creates in consequence a greater wear. 

The irregular wear of the cylinder is produced in the same man- 
ner. The piston is not drawn through, but merely comes iu contact, 
or is partially moved through 5, 6, and 7, B, whilst it rapidly passes 
the middle, and therefore, in that part, it is more w(Mrn than at any 
other. 

The last inconvenience we shall notice, though it is by no meana 
the least, is, that the fly wheel is the constant and indispensable 
accompajiiment of the crank. This will appear evident irom what 
we have already stated. 

ladependent of extra cost, extra friction, and extra room» it bo- 
i^emes necessary to have two engines in steam boats, to obtain any 
thing like a regalar motion, and even this is far from regular. Ift 
steam, boats the two cranks are fixed upon the same axle as that on 
which the paddles are placed. By this contrivance, when the crank 
of 090 engine is passing the centre and has no power, the other is at 
Us greatest power, and thus aiding each other, something like an 
equality is preserved: but this is irregular, as a variation still 
takes place m the mean length of the two 
levers* a e, and ab, represent two cranks, 
the axle of which is c. ac is now passing 
the centre, and therefore has no power, 
whilst the other, cb, is at its greatest 
power. The mean length of the lever, S 
thfSPefoiey is at i^, or one half of c b} Imt 
when the two crahka have made one eightfa 
eC^at reyolntion, astorj^ and e^, then 
the line, fg, shews th« mean power to 
V itt e^ Imving varied from c dtoc e. — 
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TIm irrifuhfity beiog nnuded iiy a fly wheel may probably aceomit 
for the vibraiioa which vre feel tn hiany steam boals, aad w!iieh 
appears to proceed from some other caase than the reciprocafKott et 
the parts. • It should be observed that the impetas of the beat makei 
the paddles act as a kind of Ay wheel, becaase if they' were middenly 
disengaged from the machinery they would eontinae to revolve of 
themselves so long as the Telocity ef the stream was less thaft the 
velocity of the boat, because then the stream acts like the current I6r 
an undershot wheel. So lone as the vanes continaed to be dnven 
against the water, so long would the motion nithe wheels be continued 
in the same Erection as that given by the machinery ; therefore we 
say,' they are fly wheels of a peculiar kind ; bot still* as the BpeeA woaM^ 
immediately decrease as they were disengaged from the machinery, 
from the yielding nature of the medium through which they pa8S> so 
also wonld they vary in velocity as the mean power of the crank 
iacreases or diminishes. 

ft will be readily conceived that these disadvantages must haw^ 
e&ercised the talent of many ingenious men. All have agreisfi that 
the remedy might be found in a cirenlar or rotatory motion, obtalnadf 
from the steam itself, without the aid of the beam, crank, or ptstou: 
rod. That if this could be effectually done, it would do away wMi 
almost every defect of which we have spoken. Reciprocatioft wocdd 
be removed, as well as irregularity in the power of the lever ; and as 
for friction, that of the beam and appendages wonld, at all events, 
be destroyed : but it has been found that, hitherto, notwithstanding 
the advantages attendant on this kind of engine, inconveniences and 
difficulties have been found, peculiar to each varied form, or common 
to all that have precluded its adoption in preference to the reciprocating 
engine. The defect in many of them has been excessive friction, 
and, in nearly all, the difficulty of maintaining the packing steam 
tight : this is at mach. as we can say as to the general objection. 
We shall direct the attention of the reader to several of the best 
rotatory engines, and endeavour separately to shew the causes of 
failure. 

Thershrewd and investigating mind of Watt seems to have c&rected 
itself in the very outset of his career, to the desirableness of such an 
engine : for we find in his patent of 1769, (the specification of which 
we have examined,) that a rotative engine is one of the inventions 
included therein, and seems to claim precedence in bis judgment (if 
we may judge by the order in which they stand) to the use of hemp 
and oil ia packing, instead of water as in the old engines. 

We will extract that part of the specification verbatim.— 

*' Where motions round an axis are required, I make the steam 
vessels in fovm of hollow rings, or circular channels, with proper 
inlets and outkis for the steam, mounted on horizontal axles litke the 
wheels of a water mill. Within them are plaoed a nnmb^ of valves, 
tiiat suffer any body to go round the channel in one direction only : 
in these steam vessels are placed wdgbts, so fitted to them, as 
entirely to fill up a part or portion of their channels, yet rendmd 
capable of moving freely in then, bsr th/e.m^atts hereinafter mentioned 
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or ipwi&ed. When the itaui la ulmittod in tbese eDgion, betwvm 
th<M wdgbta uid tita Tslvea, it acts eqnklly on botb, so u to rniBe 
Uw wdght to OM Bide ot the wheel, and by the reaction oa the valves 
■occeMivelf, to giro a circular moiioa to the wheel ; the valves 
MMaing in the dinction in which the w^hts are pretsed, hat not on 
the contrary. As the steam vessel movea roniid, it is supplied with 
steam from the boiler, and that which has performed its office majr 
either be diadurged by means of condensers, or into the open air,' ' 

There is a great deal of confasion and ambigDity in this part of 
the sped&cation, as, indeed, there is throngboat, so moch so, that 
we are tarprised that the patent was ever snstuned, since it is 
required that all specifications should be so clear, " that a person of 
modwate capadty, having alittleknowledge of the science which led 
to tbe invention, can immediately see the method pointed ont, afad 
easily iq^prehend the purport for which the subject was invented, 
witmut tttidy, withont any invention of his own, and without experi- 
■enta."* No drawings are giveo of any one of the six inveetjons 
in this patent, and the reader may jndge by this spedmen 
^y one can comprehend it without study. After much 
■tndv we have been able to come at the meaning of the patentee, by 
s^mly t B g the form of the valves, and indeed, most of the principal 
parts, and in that form we submit it to our readers as 

THE FIRST ROTATORY ENGINE. 
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In escplabiiiff its principle we shall repeat the words ot the 
specification^ malcing such alterations in the kngoage as may make it 
understood. 

*' Where motions round an axis are required^ I make the steam 
vessels in the form of hollow rings^ or circular channels^ with proper 
inlets and outlets for the steam*' (as at a and b), *' mounted on 
horizontal axles*' (c), *' like the wheels of a water mill. Within the 
circular channer (ddd) ''is placed a number of valves" (eeee) 
" that suffer any body to go round the channel in one direction only: 
in each steam vessel is placed a weight" (/)«'' so fitted to it*' (by 
packing at ^) ' as eutirely to fill up a part or portion of its channd; 
yet rendered capable of moving freely in it by means hereinafter 
mentioned. When the steam is admitted between the weigki and 
valves^ it acts equally on both^ so as to raise the weight to one side 
of the wheel; and by there-action on the valves successively> to 
give a circular motion to the wheels the valves opening in the direction 
m which the weights are pressed. As the steam vessel moves rounds 
it is supplied with steam from the boiler^ and that which has performed 
its office may either be discharged^ by means of condensers^ or into 
the open air." 

Now that we have made the language a little dearer, we shall 
proceed to describe such a machine as we imagine the inventor had 
in his mind ; informing our readers that the hollow arms^ form of 
the valves, manner of admitting the steam and allowing it to escape, 
are added as the best means we can devise to answer the proposed 
end ; but we are not aware how they were really formed, whether at 
the time the specification was drawn up, the inventor had any deduve 
plans in view; or, that he (like too many patentees) trusted to the 
resources of his own mind to supply them when he proceeded on the 
experiment. 

dddisike circular channel, bolted together in s^gments> in whidi 
the weight, made of cast-iron or lead^ f, can move freely. The 
weight is packed with hemp at ^, go as at that part to fit so tight in 
the channel, as to prevent the steam from escaping past it. ih t are 
four hollow arms, communicating with the hollow ring, and with, a 
cylinder or bush jj, into which is fitted a drcular plate of metal k, 
having two cavities a b, in the situation shown in the drawing, k is 
covered with another plate to wluch it is accurately fitted, to this 
outer plate is attached the eduction pipe which communicates with a, 
and the induction pipe, which communicates with &; the plate k, an4it8 
covering, remain stationary, whilst the wheel revolves^ and the open 
end of the arms 1 1 » t, successively pass over the open spaces a t, and 
admit the steam or suffer it to escape^ as we shall now explain. 

' The steam being admitted from the boiler rushes through the arm 
is, into the channel, and, shutting the valve 1, or finding it already 
shut, forces up the weight yyy* into one side of the wheels (as shown 
in the drawing) 5 this causes that side to preponderate, and in en- 
deavouring to regain its former position makes the whed to revolve. 
Bnt> in the mean time> a supply of steam is k^t up from the boiler, 
which i»reeerves the weight in its present positioOf driving the wheel 
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poand in the ofiposite direction^ whilst the Talve e S^ having passed 
the situation it is now in^ is shut by the lever /, strikiog the uppet m, 
and receives the force of the steam, previously upon et^ When the 
wheel has revolved a little further^ the arm i 8 communicates with the 
eduction passage, and allows the steam to escape which was between 
the valves e 1 and 9. Immediately after^ the valve e 1 strikes 
against the friction roller h, and is by it forced into the recess, as«- 
enming the position of e 4. At the same time the valve c 3 has got 
dear from the weight, lund falls by its own gravity into the position 
of S, after which it is shut by the tappet m, in the way already 
explained. Thus the valves successively receive the action of the 
eteam, and the weight being preserved in its elevated position the 
wheel continues to revolve. 

Such was the plan designed as the first rotatory engine. It is 
because it wa$ the first, and because it was the invention of Watt, 
that we place it here. In itself it possesses few claims to our atten* 
tion. If such a machine could ever be made, (which is doubtful) the 
excessive friction of the weight movine in the channel would exceed 
that of the common engine tenfold. ..But the worst fault would be, 
that the packing could not be preserved steam tight for any length of 
time: for hempen packing it is well known cannot pass over in its 
course any cavity, or irregularity of surface, without being soon torn 
out, and rendered incapable of performing its office. It would also 
be required that the interior of the channel should be accurately 
tunned* which might be effected in small endues by turning a section 
ef the wheel at once, (such as our drawing represents) and afterwards 
bolting two of such sections together; but in large diameters, such as 
would be absolutely necessary for large powers, the vibration would 
render their being turned an absolute impossibility. 

We cannot learn whether Watt ever proceeded on the experiment. 
He himself states that—'' a steam wheel, moved by force of steam 
acting in a circular channel, against a valve on one side, and against 
« column of mercury, or other fluid metal, on the other side, was 
executed at Soho^ upon a scale of six feet, and tried repeatedly, but 
was £^n up as several objections were found against it.*' From 
this we may conclude that the patented machine x had probably been 
tried and abandoned, on the ground of excessive friction. 

We have likewise some information on the subject of Mr. Watt's 
experiments on rotative engines, by Mr. Farey, (in his article Steam 
Engine, which is to be found in Rees's Gyelc^edia,) who says, '^ One 
of his first trials was uncommonly ingenious ; it consisted of a drum 
turning air-tight within another^ wiM emokiea sb (Uspoted, that there 
was a comiant and greai presiure urging' it in one tUrecHanf but no 
packing pi the common kind could preserve it air-%ht with sufficient 
freedom of motion. He succeeded by immersing it in mercury, or in 
an amalgam, which remained fluid at the heal of boiling water^ bat 
the continual action of the heat and steam, together with the frictioD, 
soon <^dated the fluid and rendered it useless. He then tried Parent 
or Barker's Infill, enclosing the arms in a metal drum, which was 
immersed in coM water. ' The steam roshed rapidly along the {ripe 



STEAM ENGINB. W 

irbiA wai tbe axu, mniLjt wu hoped that a great reaction would 
liave beeii exertad at the tod of the armB, bat "it waa alntoat nothlig. 
It was then tried in a drum kept boiling hot, bat tbe inpalae waa 
nry amaU in comparison with the expesHe of the ateam." 

The former part of thii" extract is aboot aa obacara h the tpeci- 
ficaUoa which we hare just noticed. We shonld certainly have 
expected tnm a man of M^ Farey'a experience a aomewhat clearer 
acoonnt of any experiment tlian that with which we are farnialted; 
for to gay there " was a machine with cavitiea lo disposed that tlieie 
wae a constant and great presBnre nrging it in one direction," om- 
veys DO farther idea than that a motion was awwAmii obtained, bat 
hew, it is atterly impoistbte to know. The amoant of this cxtnurt 
is, that Mr. Watt tried a great number of experiments in order to 
obtain a rotatory engine, and that in these experiments he failed. 
The infonnation we gather from Mr. Farey might hare been said U 
as few words. 

The second patent of 1782 (for there were two patents of that 
year, one in Febrnary and the other in July) describea n rotatory, 
■ad seoii-rotatory, or reciprocating rotatory engine. To the rotatory 
eugine we ahall hrst direct the attention of the reader. 




c c is a cylinder of any given dimensions, say a foot de^, and 
' Aree feet dimnrter. o is an axle, passing throng stnffing boxes ia 
.flach lid or end of the cylinder. 6 is the piston packed M the ends 
which rabs agtuost tbe cylinder, and at the sides which mb against 
thalids, which are previoQBlytnrned; the form of this pis ton, therefore, 
is sqaare, packed on three sides, and fixed to the axle a on the foarth. 
t is a ralve or Sap, which turns opon a joint or pivot/; the coDcara 
.rid* is a s^iaent of a circle of the same radius with the cySndw. 
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ftexteiidB tbe whole length of the cylinder, i« packed 6a its «)de»; 
and when sbnt back into tbe cavity d, becomes, as it were, a part of 
the cylinder: completing' the circle, which is imperfect when the valve 
is in its preMtn situation, g is the pipe for admitting tbe steam from 
the boiler, ataS'll the pipe iot altowia^itto escape into the condenser. 
Steam being admitted from the boiler through g presses equally 
npon e and £, but e being stopped against the axle, the pistons 
recedes from the pressnre, and tarns the axle a and a heavy fly wheel 
ronnd'with it. The piston c^tinaes in motion until it comes in 
contact with tlie lower side of the valve e; wbere it would stop bnt 
for the impetus of the fly wheel, which nrges it forward, audit strikes 
tbe valve ^'into the recess d, and moves roand nnUl itpasses^, 
when tbe valve, either by a lever or by its own gravity, resames its 

eeaent situation, and tbe piston receives the action of the steam as 
fore. 
This plan, we are informed, was never carried into executioB, 
and we most, therefore, as in other instances, endeavour to trace the 
nbjectibnd from subsequent experience, bat there hnobeen so many 
schemes closely resembling thi^t, that these are eutly ascertained^ 
The principal objection appears to be that ibiironld be liable to de'' 
rangement, aa the violence with which Ihe valve wonld be alternately 
driven into the recess, and upon Ihe axle, weald speedily shake the 
machine to pieces ; besides which, it would be impossible for tbe 
packing used in tbe reciprocatiug engine to pass ever the pipes hg, 
without being torn up and rendered- ageless. A ^eat waste of steam 
mast likewise take place whilst the piston is passing over the surface 
of the valve : for at that time the steam pipe g has a hee communi- 
cation with the eduction pipe h-, and every one acquainted with the 
subtle nature of steam most be aware that as much steam would 
thereby esciipe, without producing any effect, as would have been 
sufficient to work an engiue free from tliat defect, This last objection 
might be obviated by shutting off the steam during that part of tbe 
revolution i bift the spedhcation proposes no such method, and we 
are not authonzed to make any gratuitous addition. 

Tbe semi' rotative engine next comes under our notice, dd ia 
tbe interior of the cyliniler, similar to the last. It is likewise fitted 
with a piston ^" packed in tbe same manner, c is a projection of 
metal extending from the circumference to the asle a. Packing is 
introduced between this projection and the asle, so as to prevent the 
steam from escaping between theui. eyare two valves which admit 
ateam from tbe steam pipe g into the cylinder on each side of c 
alternately, oj" are two vaTves for changing the dtrectioa of the 
sCeam : ij are two valves acting in conjunction with ^J", so as toopen 
Of' shut off a communication with the condensers Ik throQgh thenipe 
X at the proper time. Levers arc attached to the rods by Whidi 
these valves are worked, from tappets on tbe pump rods r q. 

' - Steam, as admitted from the boiler through tbe pipe g into tbe 
•team chest, and finding tbe valve/* open, rushes np the pipe, end 

^■qlMo the cylinder between the piston and stop c. The piston, 
Ktxdiiijc firom the pressure, drives the air in the cylinder through tbe 
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Other pipe, and down through the vatVeJ, into tlic coodciiser, whence 
it escapes by the pump /. It continDea revolving until it comes in 
contact with the other side oF«,'wheA it ia stopped ; but previous to 
thii the valves/ nod y have been- shut by their respective levers, 
trhiUt c and i have been opened. The steam has now access through 
if'to the other side of the piston, and tarns it in the contrary 
^i^:twn'; the steani which last! performed its office escaping down 
flifoit^h f to the cobdenser. l^e first operation is then repeated, 
revetnhg tVe motion of the piston as soon as, or before^ (t cornea in 
contict WitB the'other Side of ». n ware twii toothed wheds att;acb4d 
U'^i! asle (I, iVhlch work (as shewu) by racks, the pump rods op, 
attd the ^mdlier pnmp rods f r. The formkr o ;>, are supposed to 
dra#. ^i/betfrbm'k min^, but the smaller ones only work the condeDsiog 
pnmiiK %l. 

y This is, really, a clever macluDC. It vras never,- W' understand, 
l!^rt?ed Inlbi exedatioo, but 'why, we can acarcely tell.. . It woifld . 
taAHrbe an objection that the piston wonld strike a^pinst the stop c 
attd thereby shake itself to pieces : for here, as an equable motion is 
'feot feqiiired like a rotatory engine, the speed.might ^a; in'all pumpidg 
tffa^nes' which wete I'rable to the same objection) l)e gra'diialty M- 
U^^, so'tbat'tli^ impetus would be destroyed b^forti It'catue in 
cAtitaCt w)tfa''tbl! stop: PeHiaps the most solid objection would -Ae 
that of tTi¥/ packing' retpiiring more care than a iomtdon WorfediA, 
■ndrnl generally attends to steam engines^, wbolS. Wi able or i*{11ilig 
'fobdlrtbw; b&tif thiswer^ found a' conqueraMe oI»ection> w^ en 
-Mtuvd^' Cbntseive' o-reasob why it 'shonM' not have had a fair tiiaf . ' It 
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would have iieeti cxtramely portable and cheap, would bkve occapied 
▼err U|tk room, and the friction wonld have beem conpantiraly 
trifliQff. 

We how. doM our descriptio»s of Hr. Watt'i inventions, by 
giving a ihmt^Koout of a Rotatory Engioe, faicliided in Us pateat 
•(17M. 

J 




Fig, 1 is a gronnd plan, end /^. 2 a section, o a is an external 
cylinder, or reservoir, filled with heated water, quicksilver, or an 
amalyam (which woold become floid at the boiling pcnnt). 6 & is an 
intenor cylinder in the middle of an, and taming upon a pivot o. A 
partition c, reaches from top to bottom, dividing the vessel into tw* 
«qDBl parts. d« are two valves, allowing the liquid to ascend and fill 
toe interior of 6 6, bnt preventing its egress in that direction, fg are 
two tnbes, or apertures, for guidine the escape of the liquid in the 
direction of the arrow, j is the pipe for the admisNon, and k for 
the exit, of the steam. The steam b^g introduced from the 
boiler throogb^' enters the cavity /, and passes on the sorbce of the 
water, driving open the valve t, Cfig.iJ and issuing tlirongb ^, in 
the direction of the arrow, thus pressing upon the body of the liquid 
in the reservoir, and producing a re-action, which drives tbe 
-intenulvetsd round. When it has performed nearly half a revolotioa 
the cavity N comes nnder the steam passage. This will be nndentood 
better by &-. &•■ pp ib a hoop endrcling the upper part, or neck, 
.of the vessel 66; / is a hole in the side of the vessel commnnicatiQg 
vrith one side of the vessel, and m a similar hole commnnicating with 
the other. It will be seen that, at present, tbe hole / cwnmnnicates 
with J, and tbe hole n vrith A, bat, by tnmiiig the Tenet half way 




round, thrar situations will be rBversed, / commaiuGatiDg with A, 
andj witb n, bo that each side is successively exposed to the action 
of the steam, and to the condenser. By this meaoB, thereforej the hole 
n is next in comma nication mth the steam pipe j, and the valve (/being 
shot by the steam pressing on the surface of the liquid ; the valve ■ 
is opened by the same meane, so that tbe liquid is forced with violence 
through f, in tbe same manner as it was previously forced through 

f. WhSst this operation is going on, a vacuum is formed in the 
rst vessel (by / commnnicating with tbe condenser) so that it 
becomes charged and ready !a its turn to receive the action of tbe 
steam. When it does, the first operation is repeated, and a rotatory 
motion is kept np by the alternate action of the liquid driving tbrongh 
the cavities /f in nearly the same manner as the motion is produced 
in tbe well-known machine commonly called Barker's Mill, differing 
only thus : — thdt the water from the latter acts against the ur, whilst 
this acts upon the Quid in which this is immersed. Tbe motion is 
carried ^rongh the top of the reservoir a to a staffing box q (not 
shown), and attached to the machinery. 

It appears this machine was tried, and fonnd to have little or no 
power; which, of course, was the reason of its abandonment. The 
cause of its trifling effect arises from tbe force of the escaping liquid 
acting upon a medium, which affords no solid resistance, and is, 
therelore, bcapoble of producing any powerful re-action in the 
machine. 

We close our detul of the inventions of this truly great man, 
by remarldng, that there have been few men who have contributed so 
luich to the promotion of commerce and nuBufacture ; yet, whilst 
vc idiDit him to have been capable of prodocin^ ibie most woaderiid 
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effect of the mind^ there are some of the inventions which have come 
under oar notice that many of. the obscurest mechanicians would 
blush to own. He has been com&fed to a walking encyclopaedia^ 
and the compariddti is truly apr0(K>9» when wis eonnder that an ency- 
clopaedia is the reservoir of the m<^t worthless^ as well as the most 
useful^ knowledge. Judging by the effects which lu$ inventions have 
had uponsociety;^ We cannot hesitate ft moment as to determining that he 
is deserving of gi<eat praise; but judging by those invientions which he 
putonrecordinhU many patents^ we (eel astonished that the same mind 
should be capable of producing ideas of the most nseifal and the most 
worthless kind. Incapableof discriminating^ he seemfll to have no sooner 
formed an idea than ne has made it the subject of li patent^ so that 
we found almost three out of four of the schemes which are included 
in his specifications have never been carried into execution. 

We have already expressed our opinion redj>ecting Mr. Watt's 
eager desire to secure to himself the benefits of any idea tlut entered 
his mind, even in the most unsubstantial form. Ib this opinion we 
are not solitary, in proof of which, we make the following extracts 
from a letter addressed to Sir J. Eyre, then Lord C^ief Justice of the 
Common Pleas, by Mr. J. firamah, dated 1797* 

Speaking of Mr. Watt's first specification, on which we have 
already remarked, he says, " In considering the part arranged ^r^r 
lA this specification, I cannot obs^ve the words there used create iil 
the ihind of the reader any new idea respecting the construction, 
proportion, or office, ofthatpartof an engine properly called the 
steam cylinder. The euqtiirer is left wholly uninformed, whether 
tlate intended cylinder, or steam vessel; is to be left open at top, and 
shut tit bottom> or shut at top, and open at bottom, or whether both 
its ends are to be alike shut: nor is he directed in what maAner the 
steam isto be admitted into the cylinder, or in what manner discharged: 
there being no mentioti how, atid in what part of the cylinder, the 
necessary inleta and Outlets are to be contrived, notwithstan'ding the 
e^ence of every engine depends thereon. There i« likewise no 
mention teadie of the form and action of the piston, or the method of 
connecting it with the external and working parts of ttie machine, or 
whether the expansive force of the steam is exerted on the upper or 
under side of the said piston 3 or even whether there is a piston 
employed at all.-' 

*^ This part of the specification) appears calculated to mislead and 
perplex 5 and I am fully persuaded, were these imperfect directions 
given to any workman, evto of the most eminent knowledge in the 
art of building endues, they wbuld tend directly to frustrate every 
regular step Accessary to be taken in the progress of such a woick«" 

'' Had there been a shadow of a guide introduced iqto this fnys- 
terious composition, an ingenious mind might have acccidefitally 
stumbled on the inventor's mark ; but it is so much the contrary, 
that' every adv'entorer is cbnstramed^ to explore a \^9.y for hiriiself^ 
and ti) wrap his cylinder inirhy'iVarni covering liis powers'df jndgmeAt 
may Suggest : and- ft is my !irm opinion, that were engfpc builder^ 
itt ^eiiStdl left to puzzle ottt-this single circumstahce, ninety-inine 
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oat of efory hondred would attempt a different metliod of accom- 
plisUng the inventor's intentioii f aiidl am lUceirise as fully conYineed» 
thai .a HIe^ proportion would finally miss their aim^ in ajpile of 
repeated efforts." 

'^ The first thing which attracted my attention when inspecting 
an engine built by Mr«'Watt, was the steam cylinder, whick I obsenred 
shnt at both ends, contrary to that of Newcomen. which is always 
q)^n at the npper end^ whereby the atmd8|^ere acts upon the npp^ 
8nrfiu:e of the piston^ both. in its asioent and descent.** 

^f A slight panse on this circumstance soon pnesented to! my yieW 
a total contradiction to the article in Mr. Watt*s. specification/, .de;- 
nominated /bfir/^y, where he asserts that ' he intends in many cases 
* to employ the expansive force of steam io press on the pistons, or 
' whatever may be used instead of them^ m the aame manner at' ike 
' premnre of the ainkosphere is now emplotged m cemmonfire engines* 't* 

^' On reading this paragraph^ every person acqnaint^ with 
Newcomen will naturally ask, — How can the expansive force of srteam 
be applied to press down the piston in the manner.it is now performed 
by the atmosphere, which requires the top of the cylinder to he kept 
open? For, suppose steam to be poured on to the top of it instead 
of air^ . where is there any footing or abutment for the re-^actiOn of 
this expansive element ? I clearly perceive^ says the enquirer, that 
the ak performs this office by its gravitating power, which requires 
no butment. But how can any expansive force be employed without 
it ; since it iaa law of nature that no force of this kind cdn be exerted 
without being first prevented from expanding on the contrary; or at 
any 'rate, without having a resistance in all directions, equid at least 
to the force of action required ? 

" These reflections, I conceive, would induce a conclasion> that 
the man who proposed sndi a thing must be either a fool or a mad- 
man. ^Bot to return— • 

** On considering the strange diffierence I saw in this maokine 
from that of Newcomen, I concluded in my own mind the following 
to be the real invention of Mr. Watt in the cylinder part of the 
engine. First, — He has completely inverted the order of Newcomen, 
by toming the cylinder upside down. Secondly,-— By making the 
proper inlets and outlets for the steam, at the npper instead of' the 
lower end of the cylinder. Thirdly, — ^The vahes used in^ these in- 
lets and outlets^ for the purpose of admitting and shotting off the 
steam, and for retaining it in the cylinder and discharging it; the 
manner of giving motion to them firom without, are very pecnliarly 
and curiously contrived, and totally differeiit from any article ever 
ifpplied' in Newcomen's Engines for the aame purpbses; and these 
valves, &c.il observe,iare nlade always of brass, or a mixture of 
copper and brassy and I ctonot see of. what other metal such very 
^sten^l parts could be made; as iron would soon riist, and in a few 
Veeke jose the perfection requisite to keep them air and steam tight. 
Fourthly ,'— -I cast my eye on a single part bf the engine, and wlucli 
part not being properly accomplished, would render finidly aboitive 
all the efforts it is possible td make in giving motion and power to 
the machine.'* 
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'' Ttds^ my lord^ is the mean adopted for giyiiig. motion to the 
external meclumism of the engine, by connecting it with the piston, 
which is here close shot up in the internal part of the cylinder; and 
as I have already observcMl, the cylinder is placed with its bottom 
upwards, compared with Newcomen*s, this connection between the 
intenud and external motion most of necessity be communicated 
through the bottom, which dow becomes the top of the cyUnder. As 
the entire efiect of the engine depends on ascertaining a method of 
doing tins completdy, and seeming to form a most material part of 
the whole invention, I will be more particular in describing it to 
your lordship, and begin by stating how this was performed by 
Newoomen. 

*' In all Newcomen's engines, where the top of the cylinder was 
entirely open, the piston was connected with the working beam by a 
single or double iron chain; in most cases double at the upper end 
next the beam, and the lower end commonly formed a junction with 
the piston by an intermediate strong bar of iron, in some cases a 
strong rod of wood shod with iron. By this means the force the 
piston received from the pressure of the atmosphere was communi- 
cated to the beam above, and that in as rough a manner as the 
workmen pleased to make it; the smoothness and truth of work- 
manship being unnecessary in this case. 

'' But, only behold, my lord, the difference required in Watt's 
engines in this one particular! 

** The above two motions are to be connected by means of a rod 
or other contrivances, (for a chain, &c. will not answer here) which 
mnst not only pass through an aperture in the cap or top of the 
cylinder, steam and air-tight, but this aperture is required to be kept 
thus dose during every stroke the engine makes. 

'' This cannot fail of striking your lordship in a serious point of 
view; and, from what has been said, it must involve a conclusion in 
your mind, that this part is one grand essential, if not the most so, 
of any in the machine ; as the smallest imperfection here will admit 
the air when the vacuum is made, and thereby completely, stop the 
engine. 

*' Having thus prepared your lordship, I will now describe that 
which Mr. Watt should have done, t. e, the manner in which the 
internal piston is connected with the working beam without. 

** This is by an iron rod of a sufficient diameter, turned and 
otherwise worked so as to be perfectly smooth and parallel from one 
end to the other, and of a length sufficient to allow the full stroke of 
the piston within ; and I think it necessary to remark, that if in thia 
rod there should be the smallest rag or flaw, it is totally unfit for its 
purpose; for reasons that will appear hereafter. And I am certain, 
from my own knowledge, that Mr. Watt in his first outset on this 
business, found more difficulty in procuring these rods in all respects 
perfect, than he would have done in constructing all the parts of 
Newcomen's engine; although this article, like the rest, is not men- 
tioned in his specification. 

'^ Fifthly,— I shall proceed to explain to your lordship a circnm- 
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Hance in thk part of the engine, in my opinion, as material and of 
^uftl consequence with the preceding, or any other article in the 
machine. This is the method of rendering the aperture, through 
which the piston rod passes, constantly air and steam tight; not- 
withstanding the said rod in many engines slides through this aper- 
ture no less than three hundred and twenty feet per minute during 
Ae time they work. 

'' This junction or aperture is a very ingenious contrivance, and 
is called a staffing box; it is a part formed in thepentre of the cap or 
top of the cylinder; and is a kind of cylindrical box, of about six or 
eight inches deep, made of iron. The upper part of this box is con- 
siderably wider than tlie diameter of the piston rod above-mentioned, 
and the bottom or lower part next the inside of the cylinder is made 
exactly to hi the said rod. From this part, for a small distance 
Bpwai^s, the box is turned in a conical form, so.as to make a chamber 
exactly in the shape of a snuff mull ; at the top of this conical part 
is turned a rebate or seat, into which is htted a brass or iron ring, 
the extreme circle of which exactly hts the cylindrical part above 
the conical part described. This conical chamber is then filled with' 
kemporjunk, so as to surround the piston rod on all sides; and 
being secured down by the brass* or iron ring above-mentioned, causes * 
the rod to slide steam and air-tight. But the quantity of rob which 
is constantly on this part^ and the nice perfection required, soon 
discovered the want of some farther help; and something similar 
to the means just treated on for keeping the piston tight, suggested 
itself at an early period of Mr. Watt*s experiments, which is eilectei 
as follows. — 

'' In the cylindrical part of tlie box is turned anotlier rebhtc, 
abont an inch more or less above the ring which secures the lower 
packing; and into this rebate is also fitted a ring as before, which 
caused a space between it and the lower ring. Then above the upper 
ring i^ turned another cylindrical part like the former, having, of 
necessity^ a greater diameter. This conical chamber is likewise 
packed with hemp, junk, &c. and this packing also fastened down by 
means of a ring, rather more in a plug form, and so contrived as to 
admit of being screwed down at pleasure, for the purpose of com-- 
pressing the packing as worn away by the friction of the rod . The 
staffing box completed, a small tube is inserted by one of its ends at 
the side of the said box, so as to communicate with the open space 
comprehended between the rings. The contrary end of this tube is 
joined to the steam pipe or boiler, where the steam is always active; 
and by this means a constant supply of steam is thrown into the space 
aforesaid, which steam preserves the rod air-tight ; being kept as 
strong or stronger than the pressure of the outward air. Thus the 
steam here does the office of water, &c. on the piston of the engine 
when the packing becomes rather insufficient. 

'^ I think, my lord, T need not say more on this point, to prove 
tiie necessity of a full and clear specification ; and the practicability 
of giving one. had there been a willing mind. 

V Sixthly-«-I observe the lower end of the steam cylind^ to be • 

o 
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also closed 3. and that the steam has alternate commnnication with 
the cylinder above and below the piston, jnst contrary to that, of 
Newcomen* 

'' To detail the true nature of all this would be tiresome to your 
lordship; and as Mr; Watt has not done it^ I shall decline doing it 
for him; though certainly well able. 

*^ Seven thly^^I come' to what is called condensers. On this partj 
of the subject I am almost puzzled what to say. From the specifi- 
cation I can say nothing ; from the engines, they have been made 
in all forms ; and that, by changing about and mixing the knowledge 
of every person in his way for twenty years at least, Mr. Watt has 
been taught what is the real fact, and what they confeoiBed to be so 
en the late trial, namely, that no condensers are necessary but that 
which Newcomen calls the eduction pipe, and in which the conden* 
sation is performed by a jet of cold water, answers the same purpose 
equally well. 

** Then it appears, my lord, that twenty years exercise of the 
superior abilities of Mr. Watt, with the help of all he could gain from 
the knowledge and practice of other men, and the assistance he^ 
received through the space of six years more from Professor RolMnson, 
Dr. Roebuck, Mr. Cummings, and, no doubt, many others, eminent 
in the ^heory and practice of the arts, was only to prove what I said 
before they acknowledged it, that all condensers do more harm than 
good; and that when men of better judgement have constructed 
engines totally without condensers, as good or better than their own, 
they have just candour enough to admit the fact, and pride and 
avarice enough to claim them as their invention. 

'^ There is, as your lordship has been abundantly informed, a 
valve placed in the passage allotted to conduct the steam, water, 6ie, 
from the cylinder to the condenser, which alternately opens and shuts 
this communication. I have to remark that, when the steam regu* 
lator, as in Newcomen's engine, opens to the cylinder, and at the 
same time causes the first jet of steam to discharge the water and air 
as above described ; this valve in Mr. Watt*s engine is then open to 
the condenser; and was there nothing else, the steam would, as well 
as act on the piston, fly to the condenser, and being there destroyed 
at that end, if I may so say, would not move the piston at all, it wai», 
therefore, necessary for Mr. Watt to introduce another valve, which 
he has done. But certain reasons, best known to himself, which the 
writer of this will not pretend to suggest, induced him to omit giving 
your lordship and the court an account of it, though, as I have already 
noted, on the other valve his counsel were very profuse. 

'' This cunning valve, my lord, is like the injection water smuggled 
into another part of the engine, and serves, as in the preceding case, 
to open and shut a communication. It happens, however, not to be 
the communication between the cylinder and the condenser, but, what 
is of much greater consequence, it opens and shuts the passage 
l>etween the boiler and the condenser. I have materially to remark 
to your lordship respecting this valve, that it must be and is always, 
abttt during the time the steam regulator is open. How^ then, is it 
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^ssible, my lord« that this; condenser can be cleansed as in N^« 
comen'Sx provided even the former objections did not exist ? Thus, 
having aimed at as much perspicuity as possible, I hope, and am 
even confident, your lordship, although no engineer, will perfectly* 
Understand what I have advanced ; and be convinced of the necessity 
and practicability of giving a full and explicit description of this point 
also. 1 shall now proceed as proposed, with some detail on the nature^ 
proportion, and situation of Mr. Wood's very ingenious and vala- 
able application of a pump or pumps for the extraction of the water 
and UDcondensed vapour; which would otherwise *moch impede' the 
working of the engine, as Mr. Watt, for a wonder, has had the can- 
dour to declare in his specification. 

''I will here intreat your lordship's patience while I make a 
solemn protestation. I declare, and I challenge every scientific mam 
to disprove it, that all the improvements which have yet fallen within 
my observation on Steam £)ngines, do wholly depend on the appli- 
eation of Mr, Wood's invention, viz. a pump ; or, I will at least 8ay> 
in a proportion of fifty to one compared with the other additions 
sade by Mr. Watt, with all his retinqe of doctors, professors, phi- 
losophers, mathematicians, and mechanics. 

'' Now for this pump, the ingenious invention of Mr. Wood. I 
repeat his nan^e, as your lordship, having heard less about this pomp 
fm the present than on former occasions, might be at a loss to jndge 
the cause of this declension, and on this account I shall be more 
plain on the subject. Much pains were taken on this trial to convince 
the court that proportion, lateral and altitudal situation, did not at 
all or not essentially signify; I will therefore confine what I have to 
say more directly to these points; with a small digression only ta 
connder* as in the case of Mr. Gitty, some remarks from the eminent 
and ingenious Mr. Cqmmiqgs, respecting this important article. 

'' Myexperience, my lord, obliges me to allow, that when a pomp 
is introduced, or added to one of Newcomen's engines where there 
is no condenser, a trifling latitude in the size, over and above the real 
moJtmum, is. of little moment, and may be exercised without much 
detriment to the engpne \ but I find the closer we adhere to the smallest 
that is sufficient, the less the pov^er of the engine is impeded by 
giving it motion. 

'^ As the actual proportion the pump oQsht to have been to the 
cylinder must be the result of duly considering the engine both in a 
perfisct and less perfect air-tight state, I will leave every engineer to 
study ior himself as Mr. Watt has done; and hasten to give my 
reasons why pumps, constructed without regard to proportions, &g. 
^ Above mentioned, will not answer in engines made with condensers. 

'' Suppose, my lord, I constructed an engine on the plan of Mr. 
Watt, with a steam cylinder exactlv equal to one of Newcomen, to 
which I have annexed a pomp of proper size; I should Jie very 
natondly led to make this second one from the si^me patterns; ex- 
{lerience having shown me the propriety of its dimenstons, aad to 
shve also the expense of new patterns, tools,. &c. This done, I eoi^e 
to determine the sise of my condenser. If I am at a Joss in this I go 
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to Mr. Watt*s specification ^ there I find not a word to help me. I 
then post off, perhaps^ from Manchester to Cornwall, to see a con- 
denser; when I come there I traverse the whole connty in the cha- 
racter of a spy> and none will even permit me to enter their works, 
(and shonld I intrude without a licence, I should soon get myself 
expelled,) much less stop the engine and disorganise the whole, - to 
give me the knowledge I am seeking. My own reason, by this time 
more awake, makes this inference : that, provided I did succeed in 
meeting with a person friendly enough to suffer my scrutiny, I must 
of course pay the loss accruing from such an enterprise, — and, for an 
idea of this, I will refer your lordship to the observations ahready 
made on stopping engines. Just as wise, therefore, as when I started, 
I post back to Manchester, resolved to make a condenser of some 
sort. I begin by reflecting, not on the thing, for I know not what 
it is, but on its reputation; and if I chancra to recollect the high 
encomiums it received in the Courts of Westminster and London, I 
should be led to conclude, that was my engine all condenser, I could 
not fail of being on the right side of the question. Thus I determine 
my condenser shall be (what I have seen some made by Mr. Watt, at 
the Soho, Birmingham,) as large, or considerably larger than the steam 
cylinder of the engine for which it is intended!. This would be at 
leasi twelve or twenty times the dimensions of my pump, but say 
twelve times for the sake of data ; and suppose the engine completed 
and readv for action : the consequence of this I will endeavour' to-* 
make plain to your lordship. When the engine has been emptied of 
her air, and also i the condenser, by what Mr. Watt's engineers call 
blowing through, the steam valve is opened and the piston makes a 
stroke; then the discharge is made from the cylinder to the con- 
denser by opening another valve. Now, let it be supposed that the 
uncondensible air or vapour which then fills the condenser, and is^to 
be drawn out by a pump unequal in expansive force to one-twelfth 
part (and it is seldom less) of the steam's pressure on the piston. 
The air pump, which I have already said is only one- twelfth part of 
the contents of this condenser, makes one stroke also; but by this the 
expansive force of the vapour can only be reduced one-twelfth part, 
for it must take twelve strokes of this pump to reduce the vapour in 
the condenser to its least density; and, consequently, there will 
remain a resistance to the second stroke equal to y of the* force of 
the vapour mentioned; and to the next stroke f} and every continued 
stroke in this proportion ; so that in about thirteen strokes this air 
and vapour would inevitably become as strong in the condenser ai 
the steam; and, by thus restoring the equilibrium, of necessity 'stop 
the engine, although she had nothing but her own materials to carry, 
and those void of friction.*' 

Making due allowance for the prejudiced feeling with which^these 

' remarks of Bramah's were written, arising from the successful rivalry 

of Watt; our readers will find much interesting information contained 

in them. It shows clearly the insufficiency and obscnritipof-tfae 

specification in question. 

Yet Mr. Watt was a truly wonderf tfl man . • His ideas were great. 
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and many of his. discoveries were successful beyond all previous con- 

jecture. He has done more for art and commerce than any sinrie 

individual ever known : but, whilst we admit all this, we must abo 

say few men would have put their names to many of the inventions 

which appear under his. All men have, at times, made discoveries, 

which they imagine to be excellent, but which prove otherwise : but few 

have put upon record so many absurd and impracticable schemes. What 

are we to say to his many rotative engines 5 to his six contrivances 

for reflating the motion of his engines *, to his method of working 

engines by the alternate expansion and contraction of the steam ? 

That they were most of them impracticable, and some of them the 

most contemptible schemes that ever entered the brain of a projector. 

'His mind seems to have been capable of any thing ; bnt he was too 

inactive both in body and mind to set about satisfving himself of the 

' true value of his inventions. Many years elapsed before he submitted 

-his great scheme to the test of experiment; and, when the means 

-were afforded, three years passed over before the experiment was 

completed. Long intervals elapsed between his visits to Soho, even 

when many of his most important experiments were in progress. We 

-cannot think with Play fair that ** he never went either before or 

beyond the direct inference which could be drawn from an experiment ; 

or that so great was his sagacity, that few bearings of that experiment 

were omitted or overlooked.'* We have shown on the contrary that 

' not one half of his schemes answered^ and that he^ like all men^ wm 

liable to misconception and error. 
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CHAPTER IV. 

C»VTBf'n.--HOBllBLOWjn*S SNOIirB. — BURGESS* ROTATIVE PROM tIBRATORT 
BUITXPW<*-C00KB*8 RSronf B. — BRAMAH AND DICKINSON'S BNOINB. — SADLUL^S 
BNftlNB.^ARTWRIOBT'8 BNOINB. — H0RNBL0WBR*S ROTATORY BNOINB.-^ 
MtJRRAT^S BOILBR, &C. — HURD0CK*8 ROTATIYB ENGINB. — CLOWTBBBl'S 
CRANK HOTION. — CARTWRIGHT'S PORTABLE ENGINE. — MURRAT's AIR PUMP 
AND TAI.TBS. — ^BRAVAR's YALYB. 

From a wish to keep our description of Mr. Watt's discoveries 
as connected as we conld^ we have^ until now^ passed over the in- 
ventipn of Mr. Jonathan Hornblower, of Penrbyn. Cornwall^ for 
which a patent was taken out in 1761. A full and detailed 
description is to be found in the first edition of Gregory's Mechanics. 
The following is a copy of his specification . — 

*^ Firsts — I use two steam vessels in which the steam b to act> 
and which in other steam engines are called cylinders. {Secondly^— - 

1 employ the steam after it has acted in the first vessel to operate a 
second time in the other^ by permitting it to expand itself^ which I do 
by ooimecting the vessels together and forming proper channels and 

2 apertures^ wbeireby the 9team shall, occasionally^ go in and out of the 
said vessels. Thirdly, — I condense the steam by causing it to pass in 
contact with metallic substances, while water is applied to the 
opposite side. Fourthly, — ^to discharge the engine of the water 
employed to condense the steam, I suspend a column of water in a 
tube or vessel constructed for that purpose, on the principles of the 
barometer, the upper end having open communication with the steam 
vessels, and the lower end being immersed in a vessel of water. 
Fifthly, — to discharge the air which enters the steam vessels with 
the condensing water or otherwise, I introduce it into a separate 
vessel, whence it is protruded by the admission of steam. Sixthly^—- 
that the condensed vapour shall not remain in the steam vessel in 
which the steam is condensed, I collect it into another vessel, which 
has open communication with the steam vessels, and the water in the 
mine, reservoir, or river. Lastly, — in cases where the atmosphere 
is to be employed to act on the piston, I use a piston so constructed 
as to admit steam round its periphery, and in contact with the sides 
of the steam vessel, thereby to prevent the external ur from passing 
in between the piston and the sides of the steam vessel.*' 

This patent, like Watt's, conveys no idea of either form or 
dimensions ; and we must therefore have recourse to other sources 
for more particulars respecting it. We have already said that an 
enlarged detail is to be found in the first edition of Gregory's 
Mechanics; but we content ourselves with a shorter one. The first 
and enlarged account written by Mr. Hornblower, was afterwards 
omitted by Dr. Gregory, who, in a subsequent edition, makes the fol- 
lowing remarks thereon.— '' As I have been exposed to much calumny 
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tnd misrepresentatioii for admittiog that histdric sketch into my work, 
1 beg to remark that I did it solely from motives of benerolence. 
Till the time my second rolume was preparing for the press, I knew 
nothing of Mr. Homblower) bat a friend of mine, on whose judge-*' 
nrent I placed great reliance, who was well acquainted with Mr. H. 
and thought highly of hb moral character, as well as of his mechanical 
skill, had a full persuasion that, through a seHes of unfortunate cir- 
cumstances, he had never had justice doqi» him, and urged me to allow 
Mr. Hornblower to tell his own story. I yielded to his solicitations, 
and in consequence exposed myself to the malevolence of certain 
writers, who, in one short note of ten lines,*^ published /bur positive, 
wilful falsehoods, for the honourable purpose of injuring my repu- 
tation . I, however, forgive them, although they treated me unjustly ; 
and trust they will, ere now, have forgiyen me for permitting an 
injured (though perhaps hasty) man, to defend his own Cfiuse and 
that of his family. He is now beyond the reach of those who wished 
to promote his welfare, as well as those who, by unfairly depreciating 
his character, involved him in ruin. His latter years were rendered 
comfortable, not by the liberality of his conntiymen, but by an opulent 
and scientific Swede, who knew how to appreciate and to reward his 
merit as an engineer. **f 

** The principle of Homblower's engine consisted in obtaining 
more power by a complicated force of steam than could be acquired by 
its simple action in the common mode. This is effected by oie use of 
two cylinders of different capacities . And Mr. H, after inquiring into 
the effect of using steam according to each of these modes^ compares 
the results together as follows. * If we obtain the accumulated pres- 
' stire by taking a mean of the extremes, we shall find Mr. Watt*8 

* application to be "*^*'* = 20, leaving 19 lbs. at the termination of 

* the stroke. The application of the principle in the present instance, 
' by taking the mean of the two extremes, will be^^*^ = 21, leaving 
' 18 at the termination of the stroke; which, in point of advantage, 
' in favor of the double cylinder, is as 3 to 2 ; a point of no small 
' magnitude in the practical application of this principle, and which 
' seems to have been overlooked by all those who have taken up the 
' subject.' 

" The accompanying figare will explain the principle of this 
engine, which is given without the parts in connection, ^ose bdng, 
in common with Watt's engine, already given.-— a b are the two 
cylinders ; a being the smaller one, which has a piston % fitted to the 
interior } this cylinder is in communioation with t^e boiler by t^e 
pipe e. Other pipes and cocks, xy, are attached to each cylinder^ 
and open a communication with both sides of their pistons, eis a 
pipe with a stop cock, which opens a communication between the 
■ " ■■ I . - 1 1 ■ — ■ ■ ■ I., I 1 1 1 ■.■ ■ >.■ II \ I I . I 

* Edin. Review, vol. xiii. p. S27. 
t We need scaroeW remaik here on what must appear evident to all, fix. 
tha^ by this short expunation, the Doctoral conduct in this affidr rises by his 
benevolence and generosity of heart far above the malevotent attadEs of 
mtereiied writers ; Whilst it excites in the breasts of every reader the d^pest 
oonmdseraUon for Jdie injuries oT the neglected Hornblower. 
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boUom of the cfUnder a, and the top of the large cylinder i. /b« . 
pipe and cock teuUng to the condenser g, its pnmp k, »lftced,.as ^ 
tuijal, in cold water ; these are the game m tho«e nted in Mr. Watt'i - 
CDginei. Steam comei from the boiler to the pipe c; and its flow 
may be prevented by the cock i to allow the passage of steani fnMn 
the bailer, and the cocks at e« jr, to be all open, which will allow 
the steam to bU both cylioders. The cocks at r and y oust now tM .-. 
closed, e ttoA k remaining open. 




By tnmias cock ft. commnnication is opened between the onder 
side of the piston v, and the condenser whicti forms a vacnom in b. 
The steam pressint^ on the npper side of v in a, and the commnni- 
cation between the cylinder a nnder its. piston s being open, the 
steam in a, from its espdnsive power, will press v downwwds in b. 
This decreases the resistance in the nnder side of the piston a,- which 
ia also carried downwards by the pressure of the steam flowing 
tbrongb k from the boilerj and the two pistons degc^nd Bt.the.same 
time, carrying the beam along with them. When they reach the 
bottom of the cylinders, the cock/ shots off the commnnication with 
the condenser, and the cock e with the top and bottom of the tttii 
cylinders. The cocks in y and » are now opened, which allows the 
Btenm in each ii.frej;. pomiauiucation betwe^ the upper and ajtder. 
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Kide&pft|ijese pistons, or' between that of llieU^t cylinder and con- 
deuer ; and tbe epunterpoise at the other end of Ibe lever beam 
raiMs the piitoDs to^the top of their respective cyliodera, or the pipe, 
y may form a commaDicatioa with the piston and the condenser. 
««))dy are nov sbat, and e / and h are now opened, and the 
opeE»lion is repeated. 

A drawing^d description of a totaUve engine, by Mr. Cook*, 
are to be fotibd ^n the Transactions of the Royal Iiiah Academy, 
I7A7. We sabjoin a description thereof. 




On tlie dtcnmference of a wheel eight vanes or flaps are attached 
by joints, which are formed to open somewhat more than half of their 
nivnmference. Onrin^ the revolution of the wheel the valves, 
wbicb are on the lower naif of its circnmference, hang in a vertical 

' dlHection bytbcir own gravity, ccc are the valves or flaps; 6 it 
tbtf tube which admits steam from the boiler; a a tnbe leading to {ha 
cMidenaer. k A J" is the case in which the wheel A A is enclosed at 

' falgb as the dotted line: this case is to be steam-tigbt. The wheel 
being sopposed in the situation in the figure, the vuves prevent any 
GdmrnunicatioQ between the boiler and com^epser. Steam is now 
admitted at 6, and, pressiug on c c, forces "tbein forward in ^a 
passage to the condenser and produces movciiicnt. ^ The condenaei: 
IB worked by a crank in the axis, and a rod li is extended £r<im,)i 
w£ichkeeps aconstaat vacnum; in'that haU of the steam case :fT~ 
"hv tUs means a power is add^d to the ste^m equl to thq w<(igb(, 
oT'tMatmoapberei so that, when ttie' force of the steam ■> on^ 
cqul to the prcMure of the atmosphere, aod the ralvet are nx iitciwi 
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squarei the wheel will be forced roond by a power equal to 531} Ib^.. 
{meed on its cifcamference.'* The constmction of this machine we 
need hait% say wonid be impracticable. Friction oat of the qaes* 
tion, the imperfection of the mechanism^ and the clamsiness of the 
whole engine^ are tQO apparent to need any detail. 

Mr. Thomas Bnrgess obtained a patent, in 1789, for a method 
of prodacing a rotary motion from the action of an alternate move- 
ment. We are indeced^ from the probability that few of onr readers 
are acquainted with it^ to give it a place here. 




Itpon an atls A^ to which the rotary motion is to be communi* 
cated/' a collar C is accurately fitted so as to turn freely thereupon^ 
and so Secured in its place as. to prevent its hiding sidewavs } round 
the collar a chun or rope R, is to be wound j one end of the rope 
is made fast to the lever L, of a steam engine, or other alternating 
ipoving power, which motion may be horizontal^ vertical, or in any 
other direction : to the other end of the rope a weight W, is sus- 
pended, which is to draw the collar C back, in the interval between 
e«;h stroke or impulse of the moving power. Inside of the barrel or 
oollat C, is fixed a pall or catch, P, which falls by its own gravity 
in.to^the notches of the axle A, so that, when it is acted upon by the 
moving power in one direction, the axis A becomes locked to the 
Cdllair, and the,iy, wheel F, is forced into a rotary motion. Whin 
t|ie siOtion is rev^^njed by the alternating motion of the leveir LV t)i^ 
collar is ideased eM runs back, the pall diding over the n^^tchea in 
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the axia mthont impedimeDty the original rotary motion contiuoing' 
in the fly wheels by the impetus given it at every alternate stroke <» 
the lever. 

This machine needs no comment, it is infinitely inferior to the 
crank which was in use prior to the date, of 4his patent : it is, not- 
withstanding, very ingenious; and fifteen or twenty years sooner 
might have been considered as a convenient and nseinl method of 
obtuning the desired end. 

In the year 1790, Mr. J. Bramah, of Piccadilly, (aothor 6i the 
pamphlet addressed to Chief Justice Eyre, from which we have made 
copious extracts^) and Mr. Thomas Dickinson, of Bedworth Close, 
county of Warwick, jointly obtained a patent for three rotative 
engines. 

F^. 1 reprMents the plan of one of these engines, and Fig, S a 
section. A A and B B show the ends of two short cylinders or rings 
of different diameters, one placed in the centre of the other. C is 
the channel or circular groove, formed between the two circles. The 
ends of the cylinder or ring B B, are shut up by two flat plates 
DD, as shown in the section j to these plates is joined an axis or 
spindle £ E, which ans or spindle passes through the ends or caps 
F F, which enclose the ends of the cylinder or ring A A, and which 
is made air-tight by means of a stuffing box in the usual way. By 
this axis or spindle the cylinder or ring B B, may be turned round 
from without, any external power being applied for that purpose; 
or this axis or spindle may be applied to give motion to any other 
machine, when the cylinder B B, is turned round by any power or 
force acting from within. In the cylinder or ring B P, are fixed 
two sliders, G G, crossing each other at right angles in the centre 
where they are notched or half spliced, so far as to allow them to 
slide backwards and forwards as much, at least, as the diameter of 
the channel or groove C. The length of each of these sliders is 
equal to the diameter of the cylinder or ring B B, and one diameter 
of the channel or groove C, and the width is equal to the height of 
the channel or groove C^ so that the points which perforate the 
extremity of the cylinder or rinat B B, when they are pushed out into 
the channel or groove, may entirely fill the same, similar to a piston 
working in a common cylinder; in order that, when the cylinder B B, 
is tum^ round, the cnannel or groove may be by that part of the 
slider totally swept or emptied. In this channel or groove is fixed 
the partition H. which fills the same in that part, and, by its being 
fitted against the periphery of the wheel BB, prevents the passage 
of any fluid that way round the channel, when the caps or epds are 
screwed down. On each side of the partition H, is fixed a rib 1 1, 
or piece of such a shape as to perfectly fit the circle B B, one quarter 
of its circumference, between the dotted lines 1 2; and the remaining 
part is continued in a shape inclining to the circle of the greater 
cylinder A A, with which it forms an easy juncture at the quartile 
points, 3 4. When th^ cylinders B B, with the sliders, are turndl 
Tdund in either direction, the indmed parts of the ribs 1 1^ fiC»i^(&e qi^ 
^ppdsite end of the sliders 6<7, sbccesftivblylnto their channU cir 
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between 1 and t. K M are two pipes of any required diameter, 
ivhicb may be inserted into the channel or groove^ in any direction 
the sitoation of the machine may require; between the points H S 
and H 4. The sliders are rendered sufficiently tight at their junction 
with the channel, by means of o^kum or any other flexible material^ 
being forced into the cavities made for that purpose at the parts 
L L L; and also the partition H, in the same way. The cylinder or 
ring, B B, being thus armed with the sliders, and the caps or ends^ 
F F, screwed on by the flanches at A A, the machine is complete and 
ready for action. Now, supposing that through the pipe K a shaft 
of water^ steam, or any other fluid, from any considerable height is 
admitted into the channel or groove C, it would immediately force 
against the slider projected in the channel as at N/ and also agiiinst 
the fixed partition H; which partition, preventing its passage that 
way to the evacuation pipe M, where the spent water is discharged, 
the next slider in succession has passed or covered the junction of 
the ascending pipe K^ so that each successive slider receives the 
pressure before it is doLe acting on the former; by this means an 
uniform rotation is maintained in the cylinder B B^ and its velocity 
will be equal to the descent of the water in the pipe K, and its force 
equal to the specific gravity of the same. Thus this machine may be 
worked by steam, condensed air, wind, or any other elastic or gravi- 
tating fluid, for the purpose of working milis^ or any other kind of 
machine or engine whatsoever, they being properly connected with 
the axis or spindle E £ ; and when any power is externally applied 
to the said axis, which may turn the machine in any direction^ it 
becomes a complete pump; possessing all the properties of every 
other sort of hydraulic engine whatsoever, by applying the pipes, K 
and M^ accordingly;* and it has also much advantage over every 
other kind of pump> as the fluid pumped is kept in constant motion 
both in the suction and ascending pipes. This machine may be fixed 
either in a horizontal or vertical direction. 

It will be perceived that the machine^ for which Mr. Job Rider 
recently obtained a patent, resembles this in principle. The point 
in which Mr. Rider*s differs from it^ is in his sliders being more in 
number^ and, instead of crossing each other, are formed of shorter 
plates not reaching to the axis. The excessive friction of this ma- 
chine would be a suffiicient reason for its abandonment; besides 
which the cross sliders, G G, would in time become so worn at their 
ends, that the ribs, 1 1, would not be able to force them against that 
part of the cylinder opposite 'the projection H, sons to stop the 
passage of the steam. 

Fig, 1 represents Mother plan of a rotative engine in the same 
piliDt, where the sliders are stationed in the periphery of the outer 
cylinder, and the water, steam, or other fluid, passes first into a 
smaller or inner cylinder, prenons to its producing its effect in the 
diannel or groove, as in the other example. A is the end of a hoUow 
smaller, cylinder, plaoBd in the ^»ntre of the larger cylinder B; the 
CfSndst A> ia ifixed on an,axi» or spindle,* G, as in ^e section . ]> D 
is. the dumnd- or groove,- fer^HMl^ between the outer surfaee of the 
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eyUBdw A, utd the inner snrhce «f tbe cylinder B j to tbe nKvder 
A ii fixed n wii^ or Eui E, of n projectioo nffident to fill ana net U 
the chutnel D D ■• n piston, when A ii turned round by tfae axia «r 
^ndleC, to as 10 sweep the contents of the chumel; or, when any 
force is applied on one ude of its anr&ce, it will caose the cyUndto 
A( and the nss or spindle C, to be tamed round. The oliMer A 
is left open at both ends, wbidi nss throagfa the plates F P, into 
the caps, and is fitted water-tight n the junotiona. In or abent tfce 
nsiddle of the cylinder A is at^amber or partition, which diyidea the 
Met end frsB the lower ; HHaretwosltdem.etntioMd'atepifetite 
fiM ■ tke periplMiy e( An oator eyfioder B, wtee 4an ««mAs 
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pmected as at 1 1, to receive them and allow their motion. These 
tliaers are moved by the small sfHddles K K passing through stuffing 
boxes in the nsual way. They are nltimately opened and shnt by 
half the rotation of the inner cylinder^ by means of a whed with an 
eccentric groove fixed on the axis^ as L L. In this groove move two 
friction wheels^ which being joined to the sliders by a connecting 
bar^ the sliders H H are opened and shut, by the axis C turning 
rounds so that one of th^ sliders H H is always close shnt against 
the cylinder A, whilst the other is opening to let the wing or fan 
pass, which is again shut before the passive slider begins its motion. 
The machine being thus complete, suppose that, at a pipe O, a cur- 
rent of water, steam, or other fluid having force, was admitted into 
the cap whilst the machine is in its present position, it would im* 
mediately fall into the upper cavity of the cylinder A, and, passing 
through the apertnre into the channel D, would press against the 
wing or fan E, on the one side, and against one of the sliders H H, 
on the other; which slider not giving way would cause the wing or 
fan £ to recede, and turn round the cylinder A with its axis C; 
which axis, turning the wheel with the groove L L, would cause the 
opposite slider to begin its motion } so diat by the time the win^ or 
fan E reaches the station of the slider, it is totally drawn back into 
its cell, so as to permit the wing or fan E to pass without interrup- 
tion; and, by the continued motion of the machine, the slider is 
again shut, before that slider on which the fluid is pressing begins 
to move i so that, when the first slider, against which the water or 
fluid is still pressing, is opened, the pressure is then the same between 
the other skder and the wing or fan E; and the spent fluid between 
the two sliders immediately rushes through the lower aperture into 
the bottom of the cylinder A, and is carried off in that way to the 
open air: thus a uniform rotation will be maintained as in the forma 
example. 

• This engine is remarkable for simplicity ; and if a metallic 
Ipcfcing had been at that time known, it might have approximated to 
a useful rotative engine. As it was, it woiud be impossible to make 
hempen packing pass over the grooves for the sliders without being 
speedily torn out 3 and also it would be very difficult, if not abso- 
lutely impossible, to keep the sliders H against the internal cylinder 
A, as at each stroke the sliders would rebound from it, and not being 
h^t close by tlie force of the steam, as in many rotative engines, 
would soon become loose at the joints, and thereby become ineffective. 

. Thefollowiiig diagram represents another method by which.Messrs. 
I(ramah and Dickenson proposed to obtain a rotative motion. A is a 
smaller wheel or cyliuderj armed with cross syders, fixed in a krgei 
oni» Bj but, instead of its axis being stationed in the centre of B, as 
in die previous instances, it is moved as much eccentric as to cause the 
p^phery of A to rub a^inst the side of B, as at C ) thiil causes the 
channd or groove D D D, to be formed of the shape whidi appears 
{•.tlM^fignre. The iiMier sorface of the wheel or rlMS m not per* 
f^tfif/f;^^^ •tiiM3d^lMdeidniMd 

h|r.«(f^«oiiit»«f tlm^deiff IF bmt^evMibhngtl^tetberefeiT: 
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lotion of the wheel A; or in other words, or sach a shape as woold 
OCCBsion all the foar ^ints of the said sliders to be in coDstant' 
contact therewith. The dotted lipes GG show two grooves or 
carities, throogh whicb the water, steam, or other fluid, cootained 
hetween the point and either of the apertures of the pipes H and I, 
paasei into either of the said pipes ; which water, steam, or other 
flnid, woold otherwise be pinned up by the slider, and itc^ the motion 
of the machiDe when tnmed in either direction . 




This machine would be liable to the same objections as the first. 
On the whole these contrivances display great ingennitjr, and may be 
jnitly considered to rank as high as any that have since been pro- 
posed : indeed, there are few rotative engines iLat have been since 
projected which do not, in principle, somewhat resemble llieae : 
therefore we conclude that, had the genius of the inventor or inventorfl 
been exercised when mechanical experience had been advanced, they 
might in all probability have effected that which is so great a de- 
sitKratum among modern engineers. 

Mr. James Sadler, of OxFord, in J791, obtained a patent fora 
rotative engine, which the following drawing and description may 
serve to illustrate. The steam generated in the boiler is conveyed 
through the pipe c, into the spindle or axis of the rolative cylinder 
b, which is made steam-tight by working in a stuffing-box. The 
steam passes along the arms of the revolving cylinder, neady to it*' 
ends, where it meets a jet of cold water, introduced from the hollow 
axis by the small pipe »»; this condensing water falls firom the 
revolving c^linder'mts the bottom of the case, whence it is' coBntyaid 
tbroagb a jripe, •ul'w diachargod by opening! made ia the wdt or 
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^ides of another cylinder moveable in a horizontal direction, giving 
it a rotatory movement in the same manner as Barker's mill. The 

jet of cold water from the pipes » x, having condensed the steam^ 
prodnces a re-action^ and the cylinder a 6 acquires a rotative move- 
ment. The inner case is steam-tight) and the outer case serves the 
sanse purpose with the jacket in the reciprocating engines. Another 
mode of action is suggested by Mr. Sadler to be bad by filling the 
cite (in wkich the arms revolve) with steam^ which would cause them 
to revolve by the pressure it would produce in being condensed in 
enteritig the arms. 




• ^s engine is Heroes in another form. That a patent should 
haj||)i'{been taken out fcnr such an ineffective toy is a {uroof of great 
iglMjtence and inexperi«iiice. 

liie Rev. Edward Cartwright's schetme^ for which he obtained a 
patent' iu ]797> was veny ingenious. His object was to procure a 
tight piston and a G<i9ilen8er^ in which the steam was exposed to a 
large surfaob of water. 

The condensation is effected by two metal cylinders^ placed one 
within the other, and having cold water flowing through the inner 
one, ^nd enclosing the, outier one. Thus the steam is exposed to the 

Eeat^st possible surface in a thin sheet. Mr. Cartwright likewise 
s a valve in the pis.ton, by which a constant communication is kept 
op betweeto the cylinder and condenser, on either side of the^piston^ 
so that the condensation is always taking place, whether in the 
ascending or descending stroke. By this contrivance^ steam that 
oiay escape past the piston will be immediately condensed^ and the 
vacpnm tnereby preserved. This was considered to be a decided 
advantage over the general mode of arranging the valves, which does 
not always provide for the restoration of a vacnnm destroyed by the 
imperfection of the packing. k 
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" The piBtoD 6 moving id the cylinder a, has its rod prolonged 
downwards ; another piston d is attached to it, moving in the cylin- 
der c, and which may be atuo considered as a prolongation of (he 
steam cylinder. The Bteam cylinder is attached by the pipe^ to the 
condenser, placed in cold water, formed of two eccentric circniat 
TCBsels, between which the steam is admitted in a thin sheet, and is 
condensed by coming in contact with the cold sides of the condensitlg 
TCBsel. The water of condensation falls into the pipe e. To the 
bottom of the cylinder t, a pipe m is carried into a box n; haTins a 
float>baU o, wuich opens and shuts tlie valve p, commnnicatiog Vi^b 
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the atmosphere : a pipe q is also fitted to the box. There is a valve 
placed at f^ opening into the cylinder c 5 another at n, also opening 
upwards. The pipe s conveys steam from the boiler into the cylinder^ 
which may be shot by the fiedl of the clack r. ii is a valve made in 
the piston b. 

In the figure the piston 6 is shewn as descending by the elasticity of 
the steam flowing from the boiler through s : the piston dbeing attached 
to the same rod is also descending. When the piston b reaches the 
bottom of the cylinder a 3 the tail or spindle of the valve k bebg 
pressed upwards^ opens the valve^ and forms a communication 
between the upper side of the piston and the condenser ; at the 
same moment the valve r is pressed into its seat by the descent of 
the cross arm on the piston^ which prevents the further admission of 
steam from the boiler 5 this allows the piston to be drawn up to the 
top of the cylinder, by the momentum of the fly-wheel », in a non* 
resisting medium. The piston d is also drawn up to the top of c, 
and the valve i is raised by the condensed water and air which have 
accumulated in &, and in the condenser g. At the moment when the 
piston has reached the top of the cylinder, the valve k is pressed into 
its place by the pin or tail striking the cylinder cover 5 and at the 
same titne the piston b striking the tail of the valve r, opens it ; a 
communication is again established between the boiler and piston, 
and it is forced to the bottom as before. By the descent of the piston 
d, the water and air which were under it in the cylinder <?, being pre- 
vented from returning into the condensing cylina6r>J)y the the imlve 
under t, are driven up the pipe m, in the box Mj iihd are conveyed 
into the boiler again through the pipe q. The air rises above the 
water in a ; and, when by its accumulation its pressure is increased, 
it presses the float downwards ; this opens the valve p, and allows 
it to escape into the atmosphere.** 

This most ingenious machine, it appears, was tried first at Cleve- 
land Street, Mary-le-bonne, and afterwards at .{{orsleydown, at 
both of which places it is said to have given great satisfaction. These 
trials must have been much more decisive than any opinion ; and 
although we have not been able to ascertain further respecting the 
success of the engines when put in practice, than the simple fact of 
their having been approved of by the respective proprietors, our 
own judg(nent warrants a conclu sion , that this plan is admirably adapted 
to be applied where a small engine is necessary. The objection against 
the mode of condensation adopted by Mr. Cartwright, was subject to 
great objection previous to experiment 5 so much so, that one of the 
greatest engineers this country ever produced, was heard to state it 
as his opinion, that " were a pipe to be laid across the Thames, the 
condensation would not be quick enough to work a steam engine with 
its full effect.*' It was shewn, however, when tried, that this opinion 
was incorrect, as the condensation was very rapid, and the vacuum 
tolerably good. 

Not the least ingenious part of Mr. Cartwright*s patent was the 
metallic piston, which has been of late years very generally used. 
Though this kind of piston is now somewhat difierently modified firom 
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the vrboie force of ^e machine. To provide against the lea»t retro- 
gate motion whatever^ when the levers may be partly worn (him 
friction^ they are fornisbed with springs between them and the outer 
extremity of the channel^ so that the two bearing points may at least 
tom^ their respective fulcrams. 

This was Homblower*s rotatory engine. It^ too> as we shall 
shew^ has been patented as an original invention many years subse- 
quently to the date. It would be no unnecessary digression to shtm 
here the necessity of some work which contained a chronological 
description of anything which, has been attempted (and howsoever 
insignificant) in the form of steam engines. In the Repertory of 
the Arts there faas^ from the commencement > been inserted a descrip- 
tion of most proifessed improvements on the steam engine -, but this 
wbrk IS too scarce^ too voluminous^ and too expensive^ to be in the 
hands of many. 

The objection to this machine appears to be that the two dia- 
phragms c would soon destroy each other ; for whilst one remained 
stationary^ the other having no check would strike forcibly i^nst 
it : now to retard this check would be to produce an irregular motion, 
because as the motion is communicated directly to the external ma- 
chinery^ any decrease in the speed of the diaphragm would also 
prodsce a decrease of speed in the machine throughout : and if the 
speed of the diaphragm be kept up it would strike violently against 
tniLt one' which is at rest. 

. Mr. Matthew Murray, of Leeds, a gentleman, whose name will 
b<^ familtar to most of our readers as a steam engine manfactorer of 
celebrity, obtained a patent, in 1799, for saving fuel and lessening 
the expense of engines. He proposed to effect the first object, by 
having a small cylinder upon the boiler, to which he fitted a piston 
and rack : this rack worked a wheel upon a spindle, which spindle 
passed through the chimney, where was a damper, which had free 
liberty to ttirn round. As the steam increased in the boiler beyond 
the necessary force, it forced up this piston and rack, which acting 
npdn'the spindle, closed or partially closed the damper, and thereby 
lessdi'ed the draught of the fire, by which the consumption of the 
coal was reduced^ until the superfluous steam was wrought out of 
the bonier, when a weight which had been wound* up by the rise of ' 
the piston descended^ and allowed the damper to return to its kftmet 

position. 

The other object, namely, decrease of cost, will be better eluci- 
date by the Words of the specification. '^ I cause the, steam or 
atmosphere to act upon pistons moving in long pipe^ or cylinders, 
lying in a horizontal direction. These pipes may be sqtiare or round, 
and of atiy length required, but must lie in a horizont^ direction, 
which is the principle here stated. By which contrivance, a more 
convenient motion can be applied to mill work, and a much longer 
stroke can be obtained than in the usual way. 

Next. I cause the pistons moving in the above pipes or cylinders, ' 
by their reciprocating motion, to produce a circular or rotative 
motion of equal power, by means of screws, racks, and wheels. 
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applied in sach a manner as to cause the power of the engine to &x 
alternately the wheels necessary for producing motion, in perpendi- 
cular or horizontal directions. 
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Fig. 1 aud 2, two horizontal cylindcre, containing piatona ; M M 
the piston rods. Flgt. 1, 1, inlets for the steam from the boiler and 
ntmospbern } 1, 1, outlets for the condeosed steam or atmospherB ; 
N, 8 roller for bearing the piston. These pipes or cylinders most 
be linnly fixed dovrn to a. stone platform, or iron cistern, or Kay Und 
of firm and secure fixing'. 

O {Fig. 1 and 2) is a rack, fixed to the piston rod M, and moving 
npoD the roller V; Q is a socket wheel with teeth, working in 
the rack ; the inside of the socket wheel Q is screwed to fit the 
Muf(//e of the axletree ; R 1 and R2, f'^^. ).) are plain wheels^ pot 
loose on the tquare of the axletree ; at S 1 and S 2, are tooth wheels, 
pot loose upon the round part of the axletrce. T T, are plain 
wheels, acting aa abutments, put fast upon the axletree. On an 
Bxletree or rotative shaft, for giving motion to the mill work, are 
fixed the wheels V and W; X a small fiy wheel, for regulating the 
motion. 

Now the effect or motion of this machine is, that when the 
piston, and piston rod, and rack O, are impelled by the steam or 
atmosphere in the direction of the arrow, the socket wheel Q, turns 
upon the screwed part of the axletree, and with its ends, presses 
(by the force or power of the engine) the loose wheel S 1 twtween 
the wheels Rand T, by which means, the wheel V is turned with 
the same velocity as the screwed wheel Q, while the wheel S 2 is at 
liberty npon the axle ; in which situation the whole continues, till 
the pistou arrives at the end of the long pipe or cylinder, when 
the piston is changing motion and going in the contrary directioQ 
to the arrow, the rack O turng the wheel Q in the opposite direction, 
sets at liberty by the former means the wheel S 1, and fastens the 
wheel S S, which gives the same motion to the wheel W, by means 
of the intermediate whf ' " " 




■ Repertory of tbe Arts. 
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Mr. W. Murdock, of Redruth in Cornwall, obtained a patent 
ID 1799, for a better method of boring cylinders, and for casting the 
steani caae of Watts 's engine in one entire piece, to which the top and 
bottom of the cylinder are attached. He also proposed to cast the 
cylinder and Bteam case of one piece of considerable thickness, and 
iort (I " cyllndric interstice" belween the cote and cylinder, leaving 
them attached at one end ! ! ! In another part he proposes to simpli^ 
the constrDctioo of the valves of the condensing engine, by connecting 
the npper and lower valves so as to work with one spindle or rod ; 




84 HISTORY OF THE 

the rod which coonectt them being tiibalar answers as an edac^on 
pipe to the upper end of the cylinder. 

But the most notable inFention here described is a rotative engine^ 
which consists of two fcoetbed wheels working into each other^ and 
fitted into a double case resembling two cylinders with a segment cot 
off each, a b, are the two axes upon which the two wheels D D are 
fished. The teeth are supposed to be packed at the parts in contact 
iritb the exterior cylii^ler. The teeth which are in contact are so 
fitted as to freveat any es<^4)e in that direction. Steam beii||g intro- 
duced at the pipe z a rotative motion would be produced ; but the 
construction would be So defective^ and the friction so greats as 
totdily to prevent its ever answering in practice. At the same time 
wa ought to correct an erroneous opinion which many have formed 
respecting this machine^ which is^ that it would not move at all ; 
it being thought that as the surfiu:e of the teeth e e are as great as 
ttu|t off/, that there would be as great a tendency to turn one wav 
as another^ and therefore no motion would be prodaced. But it will 
be seen that as the teeth e e, though individually of equal superficies 
with //overlap each other^ the surface presented to the action of 
the steam is only equal to one tooth, therefore the effect of the steam 
(without calculating friction) would be one half of the real force. 

In the year 1800> Mr. Phineas Crowther^ of Newcastle upon 
Tyne^ obtained a patent for a method of dispensing with the beam of 
reciprocating engines by placing the fly wheel immediately above the 
piston, a represents the cylinder 5 b b the parallel motion ; and e 
the connecting rod. The principle will be seen by a slight inspection 
of the drawing without further explanation. Mr. Crowther con* 
structed several good engines on this plan which were found to 
succeed very well. 

The Rev. Edward Cartwright obtained a patent for a Portable 
Engine in 1801^ of which the following is a description. 

It consists^ first in so disposing the different parts of the Steam- 
Engine as that the boiler^ the cylinder^ the fly wheels and all the 
moving parts of the engine^ shall be embraced by^ comprehended 
within, or attached to a frame erected upon the boiler^ and so con- 
nected together as to make one whole or perfect machine > so com- 
pact as to be easily portable ^ and requiring no farther trouble and 
expense^ after it is finished at the manufactory, than to place it upon 
the fire, when it will be immediately ready for the office for which 
it is intended ; for this purpose it will be most convenient to make 
the boiler oblongs and straight-sided, with a flat top, placing the 
cylinder within the boiler, a position which has, indeed, been already 
adopted by others, though for^ a different purpose. The frame 
extends lengthways on the sides of the boiler, and may project a 
little beyond that end of the boiler where is fixed the air-pump and 
condenser. To the part of the frame so projecting, the air-pump 
and condenser may be attaclied or suspended. Across the frame is 
an axle, with a pulley upon it, round which goes a chain or strap, 
to the top of the piston rod. Upon this axis is a crank, from which 
goes a connecting-rod to a lever, lying horizontally on the top 
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•f, or alongaide the boiler. Besides the aus above- meotioaed, there 
ii uother axis lying across, dther inunecUately above or below, 
ot OD one Nde, of the former one. Upon this axis, which is the 
axis of the fly-wheel, is a crank, from wlwb goes a connecting rod 
to the same lever, that was spoken of before. 
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Now it is evident^ that when the pulley is put in motion by the 
action of the piston^ the crank npon its axis will move the crank 
upon the axis of the fly-wheel^ as they are both connected to the 
same lever. If, therefore, the pulley is made to move in a direction 
from A to B, (see Fig. \.J and baoc again, by the action of the 
piston, and its counterweight; and if the crank upon its axis moves 
in the same direction likewise, the crank upon the axis of the fly- 
wheel will also do the same, unless it is made, as it must be, of such 
a determinate length as that when it reaches the extremity of its 
motion it can pass forwards; in that case a rotatory motion is 
produced on the fly-wheel. Again, if the crank upon the axis of 
the pulley is so disposed as that when the pulley moves from A to B, 
or through any space not exceeding a complete revolution, (see 
Fig. 2.) the crank shall pass from G to E, through D, or in that 
direction, according to the space through which any given point of 
the pulley passes the crank will give two vibrations to the lever for 
one stroke of the engine, which will give two revolutions of the 
fly-wheel in the same time. Again, if the diameter of the pulley be 
so reduced as that the stroke of the engine shall make the pulley 
revolve once and a half round and back again, the crank will occasion 
the lever to vibrate three times for every stroke of the engine. fifS^^» 
if the diameter of the pulley be so reduced as that it shall make two 
complete revolutions, and back again, for one stroke of the engine, 
in that case the crank will give four vibrations to the lever for 
one stroke of the engine, and the fly-wheel will revolve four times. 
By this invention the fly-wheel may be made to run with any reqni* 
site velocity without the intervention of any kind of wheel- work. 

Secondly* For the purpose of lessening the waste of power, and 
regulating the velocity of the engine, instead of making the gover- 
nor act upon the throttle valve, by causing it to give motion to a 
wedge, sliding at liberty backwards and forwards, under the weight 
which keeps the steam valve open. If in any particular case it 
should be thought convenient to have the fly-wheel below, its axis 
must be placed underneath the lever^ connecting it to the lever by 
a rod as before. 

Thirdly. When a reciprocating motion is required horizontally 
the connecting rod of either crank is extended as far below; the 
lever as may be necessary, and at the bottom; that which is wanted 
to have a reciprocating motion hangs to it in a joint. 

The air pump, as well as any other pump that may be wanted, is 
worked by a lever, which receives action by the pbton. And to 
such lever is applied the necessary counterweight. 

If the engine is a double one, there must be a double chain or 
strap round the pulley, so that the piston may act upon the pulley 
both in its descent and ascent. Or the action may be given to the 
axis of the crank by a rack and pinion. 

A, the cylinder. 

B, the boiler. 

C, pulley put in motion by the piston aad its counterweight. 

D, the crank upon the axis of the pulley. 
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E, the connecting rod. 

F, the lever. 

G, the fly-wheel. 

H^ the crank upon its axis. 

1, rod connecting it to the lever F.^ 

This engine is portable and cheap^ but we think it falls short of 
Mr. Cartwright*8 former scheme for ingenuity; we dislike racks and 
pinions where they can possibly be avoided ; neither do the chains 
deserve, in oar opinion, more commendation. Both these plans are 
inferior, in our judgment, to many engines in actual use at the date 
of this patent. 

Mr. Matthew Murray's patent of 1801, contained more merito- 
rious and useful schemes than his former patent, most of them being 
generally in use at the present day. We shall describe his valves, 
commonly called nozzles. 

0, in the present figure/ is the pipe conveying steam from the 
boiler, and delivering it into the descending pipe p, which terminates 
in the valve q, opening to the lower part of the cylinder by the 
side opening marked as a shaded parallelogram, while the valve r 
opens a similar communication with the upper part of the cylinder, 
so that by the successive opening and shutting of q and r, steam is 
admitted above and below the piston : s is the lower end of the 
eduction pipe, joining on to the condenser, and this pipe opens first 
to the lower part of the cylinder by the valve t, and leads also by a 
perpendicular continuation of the same pipe v, to a valve u, by which 
a connection is formed with the upper part of the cylinder. The two 
apertures into the cylinder, called nozzles, are therefore common 
both to the admission of steam, and formation of the vacuum, which 
is regulated simply by the working of the valves. For as the figure 
now stands, r is the only open valve in the steam pipe, consequently 
steam would enter above the piston to depress it, while a vacuum 
would exist below it on account of the valve t being open to the con- 
denser. As soon as the piston reaches the bottom of the cylinder, 
the valves r and t must be shut, and u and q opened, when the steam 
being no longer able to get through r, would pass down the pipe p, 
and enter the lower part of the cylinder through q ; meantime, u being 
open to the condenser by the pipe v, would cause the necessary 
vacuum above the piston to permit its ascent, which being completed, 
the valves must be again put into the position shewn in the figure, 
to produce its descent, and so on. It will be sufficient to state that 
these valves are operated upon, either by levers passing in a steam- 
tight manner through the side pipes, or that sometimes the spindles 
of the valves are made to act one through the other in stuffing, as in 
the present instance, when they are worked by external applications. 
It is likewise not unfrequent to connect a steam and condensing 
valve, when they are required to open and shut simultaneously by 
an external rod. Motion is communicated to the valves in such 
engines as are without a fiy-wheel, by a rod, or beam, attached to the 
engine beam, very near to the cylinder end of it, and called a plug- 
Specification of Patent 1801. 
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tree ; this plog>tree is equipped with certain a^tntftUe projections, 
called tappets, which strike the lerers or handles of tiie Talres, and 
thos open and shot them at the proper iDtervals m they rise and Tall 
with the beam.* 
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By this most ingfloioos Gaatrivance no wute of steam ariMs, 
e3tcq>ting in the smi^l aperture between the ralveH } the friction is 
likewise mach lesa than either glidea, cocksj or indeed any other kind 
of valve— the only resistance to thrfr motion being the preiiare npon 
the upper side by the steam, when in their seats. Thmr cost, com- 
pared to that of the Blide-valve, is moch greater, bat as they ore not 
liable to wear, and work with great accnracy, the extra expense doea 
not prevent their very general adoption for large engines. 

At the same time Mr. Mnrray described a new air-pump, in whirii 
the air in the condenser was discharged from the air-pump witbont 
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an eQbrt to open the valves, or press through a body of water, mid 
in wLich tbe air and water were discharged, separately, in different 
ways ; this he effected by disGha;|[ing the air alone by one bucket, 
and the water alone by another, .df/by an edaction pipe of 28 feet in 
length, A represents the condenser ; B tbe air-pump > C the air 
piston ; D the air valve which is opened and shut by the working 
parts of the engine, and has an elastic rod ; £ the valve for dis^ . 
charging the air $ F the exliaosting pipe, having a free commoiuca^ 
tion betwixt the condenser and the top of the air pump, when die 
valve D is open ; G the eduction pipe ; K a bucket m lifting the 
water upwards as in a common pump ; L a foot valve for preventing 
a return of the water during the descent of the bucket K ; M the 
barrel of the pomp for discharging water alone. This, together witb 
an inspection of the preceding diagram, will serve to shew thenatnreof 
his invention. The utility of the separate discharge of the air amd water 
is unquestionable $ but whether this will Compensate for the increased 
expense and complexity can only be a:>certained in practice. Mr. 
Murray's scheme, however, has been again made the subject of a 
patent, a short time ago, by Mr. George Stephenson, of Newcastle. 

In the same year (1801) Mr. Bramah obtained a patent for ati 
improvement in the fourway cock, by causing it to make a continuous 
revolution instead of a partial one (as used previously). By this 
method the wear was more r^ular, which rendered the cock dwablc, 
and it was likewise more certain and correct in its action. 

Mr. John Nuncanrow*s engine, fur §^ving motion toa water»*ivheel> 
by a fall obtuned by the power of steaoij acts upon the same friilciple 
as those of Papin and Savery, but as his machine possestei Inany 
great advantages ovier theirs, we shall offer no apology for its iuMrUon. 

A is the receiver, which may be made either of wood er Jiron. 
B B B B B are vrooden or cast iron pipes, for conveying the water 
to the receiver, and thence to the penstock. C the penstec^ or 
cistern ; D the water wheel ; E the boiler, which may be eithei^ iron 
or copper ; F is the hot well for supplying the boiler with water > 
6 G are two cistema under the level of the water, in which the 
small bores B B and the condenser are contained. H H H is the 
surface of the water with which the steam en[pne and water wheel 
are supplied ; aa h the steam pipe through which the steam is 
conveyed from the hcSkr to the receiver } b the feeding jnpe, for 
supplying the boiler with l\ot water j e c c c ethe condensing appa- 
ratus 'y ad the pipe which conveys the hot water from the condenser 
to the hot well i e ee valves for admitting and excluding the water ^ 
ff the injection pipe, and g the injection cock ; h the condenser. 

It does not appear necessary to say any thing here on the manner 
in which this machine performs its operations without manual assist- 
ance, as the method of opening the cocks, by which the steam is 
admitted into the receiver and condensed, has been already well de- 
scribed by several writers. But it will be necessary to remark, that 
the receiver, penstock, and all the pipes, must be previously filled 
before any water can be delivered on the wheel j and when the steam 
in the boiler has acquired a sufficient strength^ the valve as at c is open. 
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and the steam immediately rashes from the boiler at E into the re* 
ceiver A^ the water descends through the tubes A and B^ and ascends 
through the valve e, and the other pipe or tube B into the penstock 
G. This part of the operation being performed^ and the valve c 
shut, that at a is suddenly opened, through which the steam rushes 
down the condensing pipe c^ and in its passage meets with a jet of 
cold water from the injection cock g^ by which it is condensed ; a 
vacuum being made by this means in the receiver, the water is driven 
up to fill it a second time through the valves e e, by the pressure of 
the external ur, when the steam valve at c is again opened, and the 
operation repeated for any length of time the machine is required to 
work. 

There are many advantages vrhich a steam engine on this con- 
struction possesses^ beyond anything of the kind hitherto invented ^ 
a few of which the inventor thus enumerates : — 

1st. It is subject to little or no friction. 

2ndly. It may be erected at a small expense, when compared 
with any other s<Ht of steam en|^ne. 

Srdly. It has every advantage which may be attributed to 
Boulton and Watt's engines, by condensing out of the receiver, either 
in the penstock or at the level of the water. 

4thly. Another very great advantage is, that the water in the 
upper part of the pipe adjoining the receiver acquirrs a keat by its 
beipig m frequent contact with the steam, very nearly equal to that 
of boiling water : hence the receiver is always kept uniformly hot, 
as in the case of Boulton and Watt*s engines. 
' 5thly. A very small stream of water is sufficient to supply this 
engine (even where there is no fall), for all the water raised by, it is 
returned into the reservoir H H H. From the foregoing r^aitons it 
would seem that no kind of steam-engine is better adapteaio give 
rotarv motion to machinery of every kind than this« Its fmrm is 
simple, and the materials of which it is composed are cheu) ; the 
power is more than equal to any Other machine of the kind, because 
there is no deduction to be made for friction, except on account of 
turning the cocks, which is but trifling. 

But it should be observed on the other hand, tbat one of the 
properties of this machine, enumerated by the inventor as an advan^ 
tage, would be found more a defect than otherwise ; we allude to the 
water in the upper part of the pipe being heated by the steam. For 
though less steam would be lost by condensation, yet it should be 
remembered that it is impossible to form a vacuum on the surface of 
bdiling water. The only way, therefore, that the water would be 
raised up the column B, would be by the condensation in C being 
more rapid than the steam could be generated from the boiling water 
in B. But we apprehend steam would be gtaerated thus almo^ as 
quick as it could be condensed, and therefore the operation of filling 
B would prove very slow. The addition of a non-conducting float 
might probably, in part^ obviate this objection. 
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CHAPTER V. 

CONl'fiNTS. — ORIGra OF THE ITEAM BOAT. — EVANs'l ENGINE AND EXPERIMENTS. 
ROBERTSON*! ENGINE. — TREVETHECK AND VIDIAN.— MURRAV*8 PORTABLB 
ENGINE. -^WlLCOX's IMPRO.YElIBNTS. — WOOLVE*8 BOILER, &C. «— HORN- 
BLOWEr's steam wheel. — BOAZ' IMPROVEMENTS ON SAVERT. — TR0TTER*8 
ROTATIVE ENGINE. — FLINT*S ENGINE.— WILCOX*S ROTATORY ENGINE.— 
MAUDSLET*8 PORTABLE ENGINE. 

Our history is now brought down to the time in which the 
minds of ingenious mechanics were actively engaged in the project of 
applying tlie steam engine to propelling vessels. The idea had> as 
we have shown, been entertained both by Savery and HuUs^ the latter 
of whom obtained a patent for the application of the crank to New- 
,oomen*s engine, with the expectation of carrying his plan into effect 
by this means. But the steam engine was at that date too imperfect 
to admit of success; and we cannot, therefore, attach greater im- 
portance to the schemes of these individuals, than we should to this 
projects of numberless other men to whom the idea had, no doubt, 
frequently occurred long before the steam boat was brought into 
Attocessful operation. Who the person was tkit made the first attempt 
to carry into effect this most important improvement, has, like most 
such meritorious inventions, become the subject of dispute. It ap- 
pears that the earliest experiments tried in England were in 1801 : 
but if we may credit the statements of a most ingenious mechanic, 
(Mr. John Evans, of America,) it appears he had published a descrip- 
tion of a method of driving boats by steam, in 1785. Untoward 
circumstances prevented Mr. Evans from carrying his plan into effect 
ii9til 1804 5 but he does, in our opinion, fully establish his claim to 
the first contrivance of a practicable steam boat. We shall insert 
Mr. Evans's own account of the commencement and progress of his 
ideas and experiments, as we consider them sufficiently important to 
iQcrit every publicity. 

** About the jear 1772> being then apprenticed to a wheelwright, 
I laboured to discover some means of propelling land carriagea, 
without employing animid power. All the modes that have siiicfe 
been tried, (so far as I have heard of them,) such as the wind, 
tr«u]les with ratchet wheels, cranks, &c. to be worked by men, pre- 
aented themselves to my mind ; but were considered as too futile to 
deserve an experiment : and I concluded that such motion was im- 
possible, for want of a suitable original power. 

'' But one of my brothers informing me, on a Christmas evening, 
that he had that day been in company with a neighbouring black- 
smith's boys, who, for amusement, had stopped up the touch-hole of 
a gun-barrel, then put into it about a gill of water, and rammed 
downa tight wadding/ after which they put the breech-end of it 
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into the smith's fire^ when it discharged itself with as lond a crack 
as if it had been loaded with gunpowder. 

" It immediately occurred to me that there was a power capable 
of propelling any waggon^ provided that I coold apply it; and I set 
myself to work to find out the means of doing so. I laboured for 
some time without success^ at length a book fell into my hands^ 
describing the old atmospheric engine. I was astonished to observe 
that they had so far erred as to use the steam only to form a vacanm^ 
to apply the mere pressure of the atmosphere, instead of applying 
the elastic power of the steam for original motion ; a power which I 
supposed was irresistible. I renew^ my studies with increased 
ardour, and soon declared that I could make steam waggons ; and 
endeavoured to communicate my ideas to others ; but, however 
practicable the thing appeared to me, my object only excited the 
ridicule of those to whom it was known. But I persevered in my 
belief; and confirmed it by experiments, that satisfied me of ito 
reality. 

** In the ^ear 1786 I petitioned the legislature of Pennsylvania, 
for the exclusive right to use my improvements in flour-mills, as also 
steam waggons, in that state. The committee, to whom the petiticAi 
was referred, heard me very patiently while I described the mill 
improvements; but my representations concerning steam waggons 
made them think me insane. They, however, reported ftivonrably 
respecting my improvements in the manufacture of flour ; and passed 
an act, granting me the exclusive use of them, as prayed for. This 
was in March, 1787, but no notice is taken of the steam waggons. 

** A similar petition was also presented to the Legislature of 
Maryland. Mr. Jesse Hollingsworth, from Baltimore, was one of 
the committee appointed to hear me, and report on the case. I can- 
didly informed this committee of the fate of my application to the 
legislature of Pennsylvania, respecting the steam waggons, declaring 
at the same time, without the encouragement prayed for being granted 
to me, that I would never attempt to make them ; but that, if they 
would secure to me the right as requested, I would, as soon as i 
could, apply the principle to practice : and I explained to them the 
great elastic power of steam, as well as my ^ode of applying it to 
propel waggons. Mr. Hollingsworth very prudently observed, that 
the grant could injure no one ; for he did not think that any man in 
the world had thought of such a thing before ; he therefore wished 
the encouragement might be afforded, as there was a prospect that ft 
would produce something useful. This kind of argument had the 
desired effect; and a favourable report was made May 91st, 1787» 
granting to me, my heirs, and assigns, for 14 years, the exclusive 
right to make and use my improvements in flbur mills, and the steam 
waggons, in that State. From that period I have felt myself bound 
in honour to the State of Maryland, to produce a steami waggon as 
soon as I could conveniently do it. 

'' In the year 1789 I paid a visit to Benjamin Chandler & Sons, 
clock-makers, men celebrated for their ingenuity, with a view to 
induce them to join me in the expense and profits of the project ; I 
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showed to tliein my drawings^ with the plan of the CDgine^ and 
explained the expansive power of steam ^ all of which they appeared 
to understand : bat^ fearful of the expense and difficulties attending 
itj declined the concern. However, they certified that I had shown 
them the drawings^ and explained the powers of high-pressure steam, 
&c. 

*' In the same year I went to Ellicott*8 mills, on the Patapses, 
near Baltimore, for the purpose of endeavouring to persuade Messrs. 
Jonathan Btlicott and Brothers, and their connections, (who were 
equally famous left their ingenuity^) to join mc in the expense and 
profits of making and using steam waggons. I also showed them my 
drawings, and minutely explained to them the powers of steam; they 
appeared fully to comprehend all I said; and, in return, informed me 
of some experiments they themselves had made, one of which they 
showed me. They placed a gun-barrel, having a hollow arm, and a 
small hole on one side, at the end of the arm, similar to Barker's 
rotary tube mill : a little water being put into this barrel, and fire 
applied to the breech of it, the steam issued from the hole in the end 
of the arm with such force, as, by re-action, to cause the machine to 
revolve, as I judged, about one-thousand times in a minute, for the 
space of about five minutes, and with a considerable force for so small 
a machine, I tarried here a few days, (May 10th and 11th, 1789,) 
nsii^ my best efibrts to convince them of the possibility and practi- 
cabiUty of propelling waggons, on good turnpike roads, by the elastic 
power of steam. But they also feared the expense and difficulty of 
the execution, and declined the proposition. Yet they highly esteemed 
my improvements in the manufacture of flour, and adopted them in 
their mills, as well as recommended them to others. 

" In the same year I communicated my project, and explained 
my principles, to Levi Hollingsworth, Esq. now a merchant in 
Baltimore. He appeared to understand them ; but also declined a 
partnership in the scheme, for the same reasons as the former persons. 

*' From the time of my discovering the principles, and the meana 
of applying them to use, I often endeavoured to communicate them 
to those I oelieved might be interested in theur application to waggons 
or boats ; but very few could understand my explanations, and I 
conld find no one willing to risk the expense of the experiment. 

" In the year 1785, or 1786, before I had petitioned the legisla- 
ture, I fell into company with Mr. Samuel Jackson, of Redstone > and 
learning of him, that he resided on the Western Waters, I endea- 
voured to impress upon his mind the great utility and hi|;h importance 
of . steam-boats, to be impelled on those waters. Tellmg him that I 
had discovered a steam-engine so powerful, according to its weight, 
that it would^ by means of paddle-wheehi (which I described to hmi)^ 
Yeadily drive a vessel ag^nst the current of those waters with so great 
a speed as to be highly beneficial. Mr. Jackson proves that he 
understood me well -, for he has lately written letters, declaring, that 
about twenty-six years before their date, I described to him the prin- 
ciples of the steam-engine, which I have since put into operation to 
drive mills, which he has seen> and that I ako explained to him my 
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plan for propelling boats by my steam-engine with paddle-wheels, 
describing the very kind of wheels now used for this purpose ; and 
that I then declared to him my intention to apply my engine to this 
particular object^ as soon as my pecuniary circumstances would permit. 

" In the year 1800, or 1801, never having found a person wilfing 
to contribute to the expense, or even to encourage me to risk it my- 
self ; it occurred to me that, although I was then in full health, I might 
be suddenly carried off by the yellow fever that had so often idsited 
our city (Philadelphia), or by some other disease of casualty, to 
which all are liable ; and that I had not yet discharged my deot of 
honour to the state of Maryland, by prodndng the steam -waggons, 
I determined, therefore, to set to work the next day to construct 
one. I first waited upon Robert Patterson, Esq. professor of matbe- ^ 
matics in the university of Pennsylvania, and explained to him my 
principles, as I also did to Mr. Charles Taylw, steam engineer, 
from England. They both declared these principles to be new to 
them, and highlv worthy of a ffur experiment ; advising me without 
delay to prove them, in hopes that 1 might produce a more simple, 
cheap, and powerful steam-engine, than any in use. These ffentle- 
men were the only persons who had such confidence, or afforded me 
such advice. I alo communicated my plans to B. H. Latrobe, Esq. . 
at the same time, who publicly pronounced them chimerical, and 
atten]);>ted to demonstrate the absurdity of my principles, in his Report 
to the Philosophical Society of Pennsylvania, on steam enrihes j in 
which report he also attempts to shew the impossibility m maUnff 
steam-boats useful, on account of the weight of the en^ne, andl 
was one of the persons alluded to as being seized with the steam- 
mania, in conceiving that waggons and boats could be propelled by 
steam-engines. The liberality of the members of the society caused 
them to reject that part of his report which he designed to be demon- 
strative of the absurdity of my principles ; saying, they had no right 
to set up their opiiiions as a stumbling-block in the road of any exer- 
tions to make a discovery. They said I might produce something 
useful, and ordered it to be strudc out. What a pity they did not 
also reject his demonstrations respecting steam-boats ! for, notwith- 
standing them, they have run, are now running, and will run ; so 
has my engine and all its prindples succeeded; and so will land- 
carriases as soon as these pnnciples are applied to them. 

'^ In consequence of this determination above alluded to, I hired 
workmen and vr^nt to work to make a steam waggon, and had made 
considerable process in the undertaking, when the thought strudc 
me, that, as kny steam ensine was entirely different in form, as well 
as in its principles, from idl others in use, I could obtain a patent for 
it and apply it to mills, more profitably than to waggons; for until 
now I apprehended that, as steam-mills had been useid in England, I 
could only obtain a patent for waggons and boats. I stopped the 
work immediately, and discharged my hands, until I could arrangcf 
my engine for mills ; having Isdd aside the steam waggon for a tame 
of more leisure. 

'' Two weeks afterwards I commenced the construction of a small 
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engine^.for a mill to grind plaister of Paris. The cylinder six incites 
in diameter^ and the stroke of the piston eighteen inches^ believing 
that, with one thousand dollars I could fully try the experiment. 
But before I had done with experiments, I found that I had expended 
three thousand seven hundred dollars — all that I could command ! 
I had now to begin the world anew, at the age of forty-eight, with a 
large family to support. I had calculated that if I failed in my 
experiment, the credit I had acquired would be entirely lost, and, 
without money or credit, at my advanced age, with many heavy in- 
cumbrances, my way through life appeared dark and gloomy indeed! 
But I succeeded perfectly with my little engine, and preserved my 
credit. I could break and grind 300 bushels of plaister of Paris^ or 
12 tons> in twenty-four hours ; and, to show its operation more fully 
to the public, I applied it to saw stone, in Market- street, where the 
driving of twelve saws in heavy frames, sawing at the rate of 100 ft. 
of marble in twelve hours, made a great show, and excited much 
attention. I thought this was sufficient to convince the thousands of 
spectators of the utility of my discovery; but I frequently heard them 
inquire if the power could be applied to saw timber, as well as stone, 
to grind grain, propel boats, &c. ; and, though I answered in the 
affirmative, I fonnd they still doubted. I therefore determined to 
apply my engine to many new uses^ and to introduce it and them to 
the public notice. 

" This experiment completely tested the correctness ofmy prin- 
ciples, agreeably to my most sanguine hopes. The power of my 
esgine increased in a geometrical proportion, while the consumption 
of fuel had only an arithmetical ratio ; and in such proportion that 
every time I added one fourth to the consumption of fuel, the power 
of the engine was doubled ; and that twice thequantity of fuel required 
to drive one saw, would drive sixteen saws at least 3 for^ when I 
drove two saws, the consumption was eight bushels of pit coal in 
twelve hours ; but when twelve saws were driven, the consumption 
was not more than ten bushels ; so that the more we resist the 
steam, the greater is the effect of the engine. On these principles 
very light but powerful engines can be made, suitable for propelling 
boats and land carriages, without the great incumbrance of their own 
weight, as mentioned in Mr. Latrobe's demonstrations. In the year 
1804, I constructed at my works, situated a mile and a half from the 
water, by order of the Board of Health of the city of Philadelphia, 
a machine for cleansing docks. It consisted of a large flat or lighter, 
with a steam engine of the power of five horses 00 board, to work 
machinery to raise the mud into lighters. This was a fine opportunity 
to show the public that my engine could propel both land and water 
carriages, and I resolved to do it. When the work was finished, I 
put wheels under it, and though it was equal in weight to two hun- 
dred barrels of flour, and the wheels were fixed on wooden axle- 
trees for this temporary purpose in a very rough manner, and 
attended with great friction of course ; yet with this small engine, I 
transported my great bnrtben to the Schuylkill with ease ; and when 
-it was launched into the water^ I fixed a paddle wheel at the stern, 

N 
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and drove it down the Schaylkill to the Delaware, and op the Dela-' 
ware to tbe city 5 leaving all the vessels going ap behiod me, at 
least half way, the wind being a head. 

^* Some wise men undertook to ridicnle my experiment of pro- 
peliing this great weight on land, becaose the motion was too slow 
to be useful. I silenced them by answering, that 1 wonld make a 
carriage to be propelled by steam, for a bet of three hundred dollars, 
to run upon a level road against the swiftest horse they could pro- 
duce. I was then as confident as I am now, that such a velocity 
could be given to carriages. 

'^ Having no doubt of the great utility of steam carriages oa 
turnpike roads, with proper arrangements for supplying them with 
water and fuel ; and believing that all turnpike companies were 
deeply interested in carrying them into operation, because they 
would smooth and mend the roads instead of injuring them as the 
narrow wheels do 3 on the 26th of September, 1804, I submitted to 
the consideration of the Lancaster Turnpike Company, a statement of 
the coet and profits of a steam carriage, to carry one hundred barrels 
of flour, fifty miles in twenty-four hours ; tending to show, that one 
such steam carriage would make more net profits than ten waggonft 
drawn by five horses each, on a good turnpike road 3 and offering to 
build such a carriage at a very low price. My address closed as 
follows : — 

'' It is too much for an individual to put in operation every im- 
provement which he may invent. ' I have no doubt but that my 
* engines will propel boats against the current of the Mississippi, and 
' carriages on turnpike roads with great profit 3 I now-x:all upon those 
' whose interest it i6 to carry this invention into effect.' In the year 
1805, I published a work describing the principles of my steam 
engine, with directions for working it, when applied to propel boats 
against the current of the Mississippi and carriages on turnpike 
roads. And I am still willing to make a steam carriage that will run 
fifteen miles an hour on good level rail ways, on condition, that I 
have double price if it shsdl run with that velocity 3 and nothing at 
all for it if it shall not come up to that speed. What can an inventor 
demore, than to insure the performance of his inventions ? Or, I will 
make the engine and apparatus at a fair price, and warrant its utility 
for the purpose of conveying heavy burthens on good turnpike roads. 
I feel it just to declare, that with Mr. Latrobe I myself believed^ 
that with the ponderous and feeble steam engine now usedin boats, they 
never could be made useful in competition with sailing boats, or to 
ascend the Mississippi 3 believing the current of that river to be 
more powerful than it is« But I rejoice, that with him I have beeA 
mistaken 3 for I have lived to see boats succeed well with those 
engines, and I still hope to see them so completely excelled and out*- 
run by using my engine, as to induce the proprietors to exchange the. 
old foi* the new Aiore cheap and powerful engines. * 

" I have been highly delighted in reading a correspondence between 
John Stevens, Esq. and the Commissioners appointed by the legis- 
lature o( New York, for fixing upon the site of the new canal, pro- 
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posed to be cut in that -state. Mr. Stevens has taken a most 
€M>mprehen8lve and very ingenious view of this important subject ; 
and his plan of rail ways for the carriages to run upon^ removes ,aU 
the difficulties that remain to be overcome. I had the pleasure also 
of hearing gentlemen of the keenest penetration and of great mecha- 
nical and philosophical talents^ freely give into the belief^ that 
steam carriages will become very useful. 

'^ Mr. John Ellicot (of John) , proposed to make roads of substances^ 
snch as the best turnpike roads are made with^ with a path for each 
wheel to run on^ and having a railway on posts in the middle to 
guide the tongue of the waggon^ and to prevent any other carriage 
from travelling upon it. Then^ if the wheels were made broad and 
the paths smooth^ there would be very little wear ; such roads might 
be cheaply made^ they would last a long time and require very little 
repair ; and they ought to be preferred in the first instance to those 
proposed by Mr. Stevens ; as two ways could be made in some parts 
of the country for the same expense as one c*ould be made with 
wooden rails ) but either of the modes would answer the purpose^ 
and the carriages might travel by night as well as in the day. When 
we reflect upon the obstinate opposition that has constantly beea 
made by a great majority, to every step to improvement, from bad 
roads to turnpike roads, from turnpike roads to canals, and from 
canals to rail ways for horse carriages ; it is too mnch to expect, 
that the prodigious leap from bad roads to rail ways for steam 
carriages, will be made at once ; one step in a generation is all that 
we can hope for. If the present generation shall adopt canals, the 
next may try the rail ways with horses, and the third generation 
may use the steam carriages. 

'^ But why may not the present generation, who have already 
good turnpike roads, make the experiment of using steam carrii^ges 
upon them ? They will,, assuredly, effect the movement of heavy 
bordens, with a slow motion of two and a half miles an hour ; and, 
as their progress need not be interrupted, they may travel fifty or 
sixty miles in the twenty-four hours. This is all that I hope to see 
in my time ^ and though I never expect to be concerned in any business, 
requiring the regular transportation of heavy burdens on land^ because, 
if I am connected in the affairs of a mill, it shall be driven by steam, 
and be placed on some navigable water, to save land carriage. Yet 
i certainly intend, as soon as I can make it convenient, to build a 
steam carriage, that will run on good turnpike foads^ on my own 
account, if no other person will engage in it; and I verily believe 
that the time will come when carriages, propelled by steam, will be 
. in general nse, as well for the transportation of passengers as goods; 
travelling at the rate of 15 miles an hour, or 300 miles a day! 

''It appears necessary to give the reader some idea of the prin- 
ciples of the steam engine whidi is to produce such, new and singular 
effects ; and this I will endeavour to do in as few werds as I can, by 
showiiM^ the extent to which the principles are already applied* 

'' To make steam as irresistible or powerful as gnnpowder, we 
luive only to coniuie it, and to increase the bent by uiadmg fuel to tbs 
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boiler. A steam engine^ with a working cylinder^ only niDe incbes 
in diameter, and the stroke of the piston three feet, will exert a pofwer 
anfficient to lift from 3000 to 10>000 lbs. perpendicularly, two and a 
half miles per honr. This power, applied to propel a carriage on 
level roads or rulways, would drive a very great weight with mnch 
velocity, before the friction upon tbe axletrees, or the resistance of 
the atmosphere, would balance it. 

" This is not speculative theory. Tbe principles are now in 
practice, driving a saw-mill, at Mancbacks, on the Mississippi; two 
at Natchez, one of which is capable of sawing 5000 feet of boards in 
twelve hours 3 a mill at Pittsburgh, able to grind twenty boshels of 
grain per hour; one at Marrietta, of eqnal power; one at Lexington^ 
(Kentucky >) of the same power ; one a paper-mill, of the same power; 
one of one-fourth the power, at Pittsburgh ; one at the same place of 
three and a half times the power, for a forge, and for rolling and 
slitting iron ; one of the power of 24 horses, at Middletown, (Con- 
necticut,) driving machinery of a cloth manufactory ; two at Phila- 
delphia, of the power of Ave or six horses ; and many making for 
different purposes ; the principles applying to all cases where power 
is wanted to drive machinery.** 

Mr. Evans at the same time describes bis own steam engine, 
which is well known to b$ in very general use in America. 

A the boiler, B the working cylinder, C the lever beam, D tbe 

•fly wheel, E the cistern or condenser, F the cold water pump, G the 

supply pump, H the fire place, I the chimney flue, K the safety valve, 

which may be loaded with from 100 to 150 lbs. to the inch area ; it 

will never need more, and it must never be fastened down . 

The boiler being filled with pure water (rain or distilled water) 
as high as the dotted line, and the fire applied, the smoke enters the 
centre flue, which passes through the centre of the water to ascend 
the flue I, and thus acts on a large surface. 

When the steam lifts the safety valve, it is let into the cylinder 
by opening the throttle valve, and drives the piston up and down, 
which, by the rod 1, gives motion to the fly wheel; and the wheel 2 
gives motion to a shaft, passing through the supports of the cylinder 
to turn the spindle of the rotary-valves, 3, 8, which lets tbe steam 
both into and out of the cylinder, at the proper time. 

The steam, escaping by the pipe 4, curved backwards and for- 
wards in a zigzag form, and immersed in the water in the cistern E, 
(which is supplied by the cold water pump F,) is condensed ; and the 
distilled water formed thereby descends, by the pipe 5, into the supply 
pump G, and is forced into the boiler again by the pipe 6, 

But as boiling disengages air from the water, so the shifting- 
valve, 7, is necessary. This valve lifts at every puff of the steam, 
and a small quantity escapes ; and it shuts, and a vacuum is instantly 
formed, as the crank passes the dead points. 

The small waste of water may be replaced by condensing water 

in the cistern E, and causing it to run down the pipe G, through a 

hole in the key of a stop-cock one-32nd part of an inch in diameter; 

^ small hole, mdeed, to supply a bdler of a steam engine of twenty 

horses power. 
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and consequently & greater degres'of heat taking place, and the imo&c 
and fresh air uniting in the great heat, the snioke is inflamed, and 
rendered naefal in addiag to tba heat of the farnacei besides, this 
portion of freah air is so coadacted as to act partly on the Idndling 
or liindled fuel, and raising it to a greater degree of heat after it has 
serred its purpose, by uniting with and iaflaaiing the smoke; and 
therefore is employed, in some measore, nsefnlly, eren after the coal 
has ceased to smoke : secondly, to the above may be added, the frame 
of the famace, which is so constructed that the full-kindled fad ia 
kept backward in the famace, while the fresh coal lies before, and is 
more gradually kindled than if introdaced farther among the foil- 
kindled fnel, while the heat of the fornace is little injured or damped 
by the introdactioa of fresh coal, as is more foily described after- 
mrdi. 




" The coal is admitted into the famace by a hopper, feeder, or 
month-piece A, made of cast iron, bnt which may be made of 
other materials, and inclined to the horizon ; so that the coal in 
it may, in some measnre, fall into the fire place above the baia, 
as the fael is spent; in the upper part of this hopper, feeder, 
or mouth-piece, is a plate a, placed at a small distance, or fron 
about three-eighths to three-fourths of an inch from the upper 
side of the hopper, betmxt which plate and the upper plate, or 
side of the hopper, a stream of air rushes downward on the fire, 
at abont half a right angle to the horizon, which stream of wr assists 
in consuming the smoke, as before mentioned, and more folly de- 
scribed hereafter. B is a section of the bars, which are, in general, 
a little inclined to the horizon, aa in the figure, that the foel may 
more easily fall, or be poshed backwards in the furnace; at c is an 
opening above the bars, and below the lower end of the hopper, 
which ia in general fitted with a grated door or doors, which open for 
the more convenient cleansing of the furaace, and the grated form of 
the doon is also designed for admitting air into the fnel, as ydl m 
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at th^ bars^ consequently the air is more concentrated in the middle 
«f the baming faei^ produces a greater heat than if admitted only^ 
betwixt the bars j this grated form of the doors is very convenient for 
the admission of a poker or instrument for pushing backward the 
kindled fiiel^ while the fresh coal^ or that which is not so well kindled^ 
fidls down to supply its place. In some others of these furnaces^ the 
opeaing below the lower end of the hopper^ and above the fore end 
of the bars^ is left without doors at all ; at this opening it is con- 
venient^ when the fire is mended^ to push the coal from the fore side 
, backward^ as mentioned above^ or it may be pushed bacltward with 
a hooked poker^ P, by applying the hooked part of it through the 
tomuce bars below ; by either of which ibeans the kindled coals are 
put backwards, while the fresh coal, or that which is not so well 
kindled, falls down to supply their place ; that is^ the coals in the 
litnation c, are poshed towards d, while those in the situation y* fall 
down to supply the place of those which were driven from c towards 
i; by such means the strength or heat of the fire is not much damped 
by the introduction of fresh coal, and the coals which have fallen 
from/* towards c are not so rapidly kindled as if introduced above the 
barnmg fuel 5 at tlie same time the smoke, which arises from these 
newly-introduced coals, passes partly through the full kindled coal 
and partly over, and in contact with the great heat of the burning 
fael, and, meeting at the same time with the cun-ent of fresh air 
coming downwards, and tending also to drive the smoke still nearer 
to the bright kindled fuel, does, in general, completely inflame the 
smoke, and render it useful in adding to the heat of the furnace. 
Another end obtained by the stream of fresh air, is to keep in 
some measure the great heat of the furnace from acting so violently 
on that part of the hopper which is nearest it and mostly exposed to 
its heat, and liable to be damaged thereby, which it does by the 
continual current of fresh cool air that is in contact with those parts. 
The construction of the furnace may be much varied, but the chief 
improvements are, that the fuel in combustion is supplied with air 
by the foreside as well as by the bars 3 the hopper is placed in such a' 
situation that the kindled or unkindled coal may in part fall to the 
foreside of the furnace above the bars, as the other fuel is pushed 
backward in the furnace, and the admission of fresh air to pass over 
the burning fuel by means of a definite space or spaces, opening or 
openings, made for that purpose 5 so that this stream, current; or 
cnrrents of air, partly come in contact with the burning fuel itself, 
forcing also the smoke with more immediate union with the burning 
fiiel and great heat of the furnace. The success of the furnace de-^ 
pends also in a considerable degree upon what is called the draught 
of the fnmace > that is, the chimney and flues are so constructed, that 
a sofficient current of air may pass through the fire to bring it to a 
proper degree of heat 3 also, that the current of fresh air may have 
such force as to come pretty much in contact with the burning fuel, 
and to convey the smoke along with it through the hottest of the 
£ame 1 if this is not the case, the smoke will not be so completely 
consomed in these furnaces. The hopper is allowed to be kept as 

o 
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full of coals iuB possible, and either wholly or in part small coal, so* 
as to prevent air as much as possible getting in by that passage 5 this 
must be attended to when the furnace is in its ordinary working state : 
yet, sometimes it is necessary to keep this opeuiug of the hopper, 
either wholly, or in part open, when there is little heat wanted. 

The utility of this scheme was sufficiently proved by the very 
general adoption which followed its publication. The combustion of 
smoke being now established as not only practicable, but economical^ 
it being a fact, that all the smoke discharged from a chimney is but so 
much good fuel whi^h wanted only the proper application ofair to render 
it nsefol. It is equally true that the flame which is frequently at the 
top of furnace chimneys has no existence but there ; while ascending 
the flue it is merely dense smoke, consisting of azote of the atmos- 
pheric air, decomposed in passing through the fire; of hydrogen, 
coal-tar, and carbonaceous matter, of such a high temperature that 
it only wants oxygen to make it inflame spontaneously : this it obtains 
from the atmospheric air, into which it ascends, and then presents 
such appearances as would make a hasty observer adopt the opinion, 
that the flame had ascended as flame from the fuel in the furnace, 
which is by no means the case. 

Messrs. Trevithick and Vivian's High-Pressure Engine (patented 
1802) has been found the most compact, simple, and efl^ective engine, 
perhaps, ever known. In an early part of this work reasons are given 
for the superiority of high-pressure over condensing engines, and we 
shall only now say that Messrs. Trevithick and Vivian's engine has, 
of all others on this principle, obtained the highest reputation. 

'' A (Fig. 1) represents the boiler made of a round figure, to 
bear the expansive action of strong steam. The boiler is fixed in a 
case, D, luted inside with fire clay, the lower part of which consti- 
tutes the fire-place, B, and the upper cavity i^ords a space round 
the boiler, in which the flame Or heated vapour circulates till it comes 
to the chimney, E. . The case, D, and the chimney are fixed upon a 
platform, F, the case being supported upon four legs ; G represents 
the cylinder, inclosed for the most part in the boiler, having its nozzle, 
steam*pipe, and bottom, cast all m one piece, in order to resist the 
strong steam, and with the sockets in which the iron uprights of the 
external firame are firmly fixed. G represents a cock for conducting 
the steam, as may be more clearly seen by observing Fig. 2, which is 
a plan of the top of the cylinder, b. Figs. 1 and 2, represents the 
passage from the boiler to the cock, G; this passage has a throttle 
valve, or shut, adjustable by a handle, so as to wiredraw the steam, 
and suffer the supply to be quicker or slower. The position of the 
cock is such, that the communication from the boiler, through b, by 
a channel in the cock, is made good to d^ which denotes the uppi»: 
space of the cylinder above the piston, at the same time that the steam 
pipe, a, (more fully represented in Fig. 1) is made to aflbrd a passage 
from the lower space in the cylinder beneath the piston to t^ chan- 
nel, C, through which the steam may escape into the outer air, or be 
directed or applied to heating fluids, or other usefiil purposes* U 
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will he obvions that, if the cock be tnrned one qaarter of a tnm id 
dther direction, it will mEikeacommnnicationfram the boiler paiiage, 
b, to the lower part of the cylinder by or throngh a, at the same time 
that the passage, r, from the upper part of the cyliader, will com- 
mimicate with C, the passage for conveying off toe steam. P Q is 
t|^ston-rod moviiur between guides, and driving the crank, R 8 f by 
means of the rod, Q R, the axis of which cranK carries the fly, T, 
old is the first mover to be applied to drive machinery at S. X Y 
is a doable sn^l, which in its rotation pasBea down the Bmall wheel 
O, and ruses the weight, N, by a motion in the joint, Mj of the 
lever, O N, from which downwards proceed* an arm, M L, and con- 
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sequently the extremity^ L^ is at the same time tirged oatwar<f9« 
This action draws the horizontal bar, L I, and carries the lever or 
handle^ H I, which moves upon the axis tof the cock, G, through 
one-fourth of a circle. It mast be understood that H I is fore- 
shortened^ (the extremity, I, being more remote from the observer 
than the extremity, H,) and also there is a clack or ratchet wheel on 
the part, H, which gathers up during the time that L is passing out- 
wards, and does not then move the cock, G, but that, when the part 
X, of the snail opposite O, that is to say, when the piston is about 
the top of its stroke, then the wheel, O, suddenly falls into the con- 
cavity of the snail j and the extremity of L, by its return at once, 
pushes I H through the quarter circle, and carries with it the cock, G, 
apd turns the steam upon the top of the piston, and also affords a 
passage for the steam to escape from beneath the piston. Every 
stroke, whether up or down, produces this effect by the half turn of 
the snail, and reverses the steam ways, as before described ; or the 
cock may be turned by various well-known methods, such as the 
plug with pins or clamps striking on a lever in the usual way, and 
the effect will be the same, whether the quarter turns be made back- 
ward or forward, or by a direct circular motion, as is produced by 
the machinery here represented ; but the wear of the cock will be 
more uniform and regular if the turns be all made in the same way.*' 

The same specification likewise describes a very simple and 
ingenious method of giving motion to the fly wheel, by making the 
piston-rod of an inflexible bar, and connecting it at once with the 
crank. The cylinder and boiler are allowed to vibrate on pivots, and 
thereby follow the revolving of the crank. The drawing here given 
represents also the outline of a machine for rolling sugar canes, 
thereby showing at once the connection of the engine with the ma- 
chinery of the mill. 

" The working cylinder, C,. with its piston, steam pipe, nozzle 
and cock, are inserted in the boiler, as here delineated. The 
piston rod drives the fly, upon the arbor of which is fixed a small 
wheel which drives a great wheel upon the axis; the guides are 
rendered unnecessary in this application of the steam engine, because 
the piston-rod is capable, by an horizontal vibratory motion of the 
whole engine upon its pivots, O, to adapt itself to all the required 
positions, and while the lower portions of the chimney partakes of 
this vibratory motion, the upper tube, £ F, is enabled to follow it by 
its play upon the two centres or pivots in the ring above. In such 
cases or constructions, as may render it more desirable to fix the 
boiler with its chimney and other apparatus, and to place the cylinder 
out of the boiler, the cylinder itself may be suspended for the same 
purpose upon trunnions or pivots in the same manner, one or both 
may be perforated, so as to admit the introduction and es^pe ef the 
steam or its condensation. And in such cases where it may be found 
necessary, to allow of no vibratory motion of the boiler or cylinder, 
the same may be fixed, and guides be used. The manner in which 
the cock is turned is not represented in the two drawings, but every 
competent workman will, without difficulty, understand how the 
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stroke of pioB daly pkced in the drcnmfereiice of the Ay, and made 
to act upon a cross fixed on the axis of the cock^ or otherwise, will 
prodoce the motion. The steam which escapes ia this engine is made 
to circulate in the case round the boiler, where it prevents the ex- 
ternal atmosphere from affecting the temperature of the included 
water, and affords by its partial condensation a supply for the boiler 
itself, and is or may be afterwards directed to useful purposes/* 

This latter plan, namely, the vibrating cylinder, looks well in 
theory, but we fear in practice it would be found very imperfect. 
Reciprocation, as we have shown, is a great destroyer of power, and 
here the whole engine boiler, water, cylinder, fire grate, and all the 
apparatus, are constantly moving backwards and forwards, and all 
this, too, merely to dispense with the guide wheel and connecting rod, 
Messrs. Trevithick and Vivian propose in the same specification 
to use their engine for the purpose of travelling on the common road. 
The carriage resembles in form the common stage coach 5 an iron 
frame, containing the boiler and cylinder, is placed behind the car- 
riage; the cylinder is likewise horizontal. .Our readers will readily 
see the application of the preceding apparatus to the wheels by a 
cranked axle. On both ends of the axle cog wheels are fixed, by 
which means, when the axle is made to revolve, it communicates its 
motion to the hinder and larger wheels of the carriage. The machine 
has a fly wheel, to preserve the regularity of the motion : means are 
also provided for throwing any of the wheels out of gear, by which a 
turn can be made without difficulty. 

It appears that, in the ^'ear 1804, Mr. Trevithick had an oppor- 
tunity of prolong the utility of his Locomotive Engine upon the 
Merthyr Tydvil Rail-road, South Wales. The engine had a cylinder 
of 8 inches diameter, and a stroke of 4 ft. 6 in. in length, and drew 
after it upon the rail-road as many, carriages as carried ten tons of 
bar iron, from a distance of nine miles, which it performed without 
any supply of water to that contained in the boiler at the time of 
setting out ; travelling at the rate of five miles an hour. 

Mr. Matthew Murray, of Leeds, obtained a patent for a Portable 
En^^ne, in 1802, which displays much novelty and ingenuity* 

" Figs. 1 and 2 represent front and side views of the combination 
nf parts of this engine. A the steam cylinder; B the piston rod; 
C v, connecting-rods, for connecting the piston rod to the pin in the 
wheel D; E a wheel, fixed to the side of the cistern. III I, with the 
teeth inwards, to admit the teeth of the wheel, D, for the purpose of 
giviiu; a parallel direction to the rods, C C; F a plain wheel, upon 
3ie fly-wheel shaft, 6; the wheel, F, is furnished with a double 
Goniad centre for the wheel, D, to run upon 5 I III is a cistern or 
frame of plates, on and in which the whole combination of materials 
eonstitnting tins engine is fixed; K K two wheels, one upon the fly- 
firheel shaft, 6, the other upon the crank shaft, L ; these wheels and 
crank are for the purpose of working the lever, R, in Fig. 2, which 
lever gives immediate motion to the air-pump, P, and the cold and 
hot water pump; T is an iron bar for supportiuff the shaft; M is a 
slide valve for opening and shutting the communication of the steam 
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pip^^ marked N NN^ and is described in Figs. 3^ 4> 5^ 6, and 7; a 
motion for the slide yalye is taken from the crank shafts L^ by levers, 
or oth^wise^ as the nature of the valve mav reqaire. The parts so 
combined form a perfect engine, without reqmring any fixture of wood, 
or any other kind of framing than the ground it stands upon, which 
is transferable without being taken in pieces, (the moti<»n of the fly- 
wheel shaft giving circular power to any process or manufactory 
requiring circnJar motion,) or Irrigating land, or for the various pur- 
poses of agriculture. Figs. 3, 4, 5, 6 and 7> represent various forms 
of the new ^ficfe- valve -in its application to the steam-engine 5 the 
principle of which consists in moving in a circle part of a circle or 
straight line, by means of flat surfaces or feces (or nearly so) sliding 
or moving upon' each other, for tfatipurpose of uniting tne necessary 
apertures in the steam pipes or cylinders. Fig; 3 is a view of a cir- 
cular flat sliding valve; the dotted lines show the avenues to the 
steam pipes, a 1 is a figure representing the upper or moveable 
part of the slide valve. Fig. 3, where the conducting or uniting cells 
are formed : there is a circular spring for compressing a 1 to the face 
of the slide valve in Fig. 3, so as to render them perfectly steam and 
air tight, which perfection they will naturally acquire by constantly 
rubbing upon each other. Figs. 4, 5, 6 and 7, show four varieties of 
the slide vidve, for working double or single powers, a 2, a 3, a 4, 
and a 5, contun the cells for conducting to the different apertures or 
steam ways. Any further description is unnecessary, as the drawings 
will convey to any one the principles of these inventions."* 

This ing^ious apparatus, though possessing much merit, in- 
fiinged, it appears, on the patent right of Messrs. Boulton and Watt, 
and the patent was, therefore, repwed in 1803. An engine on this 
plan has been at work many years at St. Peter*s Quay, on the river 
Tyne> and is found to answer uncommonly weU. 

Mr. WoolTs very excellent and ingenious boiler (patented 1803) 
comes next under our notice .^ The great utility of this iq[»paratu8 
induces us to rive the specification^ together with Mr. Woolf s own 
remarks in full. 

^' Mr. Woolf s improved apparatus consists, first, of two or more 
cylindrical vessels properly connected together, and so disposed as to 
constitute a strong and fit receptacle for water, or any other fluid 
intended to be converted into steam, whether at the usual heats, or 
at temperatures and under pressures uncommonly high 3 and also to 
present an extensive portion of convex surface to the current of flame 
or heated air or vigour from a fire. Secondly, of other cylindrical 
receptacles placed above these cylinders, and properly connected 
with them, for the purpose of containing water and steam, and for 
the reception, transmission, and useful application of the steam gene- 
rated from the heated water or other fluid. And, Thirdly, of a furnace 
so adapted to the cylindrical parts just mentioned, as to cause the 
greater part of the snriiftce of all and each of them, or as much of the 
said surmoe as may be convenient or desirable, to receive the direct 

action of the fire, or heated air and vapour. 

' , • • .- ■ ■ III. ■ , ■ , ■■ ■ ■ . „ ■ ..I- ■ ■ ■ ■ 

• Specification of Patent 
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'^ One of bis boilers^ in its most simple form> consists of eight 
tobes^ made of cast-iron or any other fit metal, which are each con- 
nected with a cylinder placed above them. The foel rests on the 
bars, and the flame, heated air, and vapour, being reverberated from 
the part above the two first smaller cylinders, goes nnder the third, 
over the fourth, under the fifth, over the sixth, nnder the seventh, 
partly over and partly nnder the eighth small cyUndric tube. When 
it has reached the end of the furnace it is carried to the other side of 
the wall, built nnder and in the direction of the mun cylinder, and 
then returns under the seventh smaller cylinder, over the sixth, 
under the fifth, over the fourth, under the third, over the second, 
and partly over, and partly under the firsts when it passes into the 
chimney. The wall before mentioned which divides the furnace longi- 
tudinally, answers the double purpose of lengthening the course which 
the flame and heated air have to traverse, giving off heat to the boiler 
in their passage^ and of securing from being destroyed by the fire the 
flanges or otli^r joinings employed to unite the smaller tubes to the 
main cylinder. The ends of the smaller cylindric tubes rest on the 
6rick work which forms the sides of the furnace, and one end of each 
of them is furnished with a cover, secured in its place by screws or 
any other adequate means, but which can be taken off at pleasure, 
to allow the tubes to be freed from time to time from any incrustation 
or sediment which may be deposited in them. To any convenient 
part of the main cylinder a tube is affixed, to convey the steam to the 
steain engine, or to any vessel intended to be heated by means of 
steam. * 

*^ When very high temperatures are not to be employed, the 
kind of boiler just described is-fowAd to ianswer very well; but where 
the utmost force of the fire is desitiEible, Mr, Woolf, for a reason 
which shall be afterwards mentioned, combines the parts in a manner 
soioewhat difierent, though the sanie in-priodple. 

'^ In F%. 2, A is the midn cyUnder crossing the smaller cylinders 
a a a, half way between their middles and ends, bnt not join^ to any 
of them excepting the middle one at the points at which it crosses them . 
It is put in this place that it may come over that part of the furnace, 
S S S, Fiff. 1, through which the flame first passes, and receives its 
direct action, whidi it does over neady a half of its surface, as may 
be seen bv looking at the vertical section, ASS, F^^. 1. The 
smaller cylinders have a communication with the main cylinder in the 
foDowing manner : — Three cytinders, C C C, are plac^ parallel to 
the main cyUnder, A, over the part of the furnace by which the flame 
returns, in such a manner that each of the cylinders, C C C, takes in 
three of the smaller cylinders, a a a, bdng united to and connected 
with them. The cylmders, C C C, have a direct commonicalion with 
the main cylinder. A, by the pipes w tnbes^ PPP^ as may be better 
seen by the cross vertical section. Fig. 1. The three tubesj C C C, 
are pr^enred to one long tnbe^ to prevent any derangement taking 
pl^oe in the Aucnaoe or in the tubes, by the expansion or contraction 
occasioned bv cbamgies of temperature, whicn is more considenble 
in one tube of the whole lengtii of the furnace than wh^ divided into 
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three portions 5 and it is for the same reason that the tube A .is not 
made to oommunicate directly with the smaller tobcB, a a a, but 
mediately by means of the tabes marked C and P.— N« B. The two 
ontermost of the tnbes marked P^ instead of going parallel to the 
middle tnbe^ F, may be both inclined towards it^ so as to join the 
cylinder A near the middle j or any other direction may be given to 
tnem^ to prevent derangement by expansion. 

^' The tubes C and a are kept fiwi separating by bolts from the 
iiiside of a passing throogh the top of C^ where they ar6 secured by 
nnta screwed on to them, (see Fig, S); and these parts of C are so 
contrived J that by taking off any of the nnts a cover may be removed^ 
and a hole presented large enough to admit a man*8 band into C to 
dean it out. 

'^ Fig. S is a longitudinal vertical section of the fnmaoe, tfarongk 
jliie centre^ showing the conrse which the flame and heated air are 
forced to take. The first three smltU cylinders are completely sur- 
rounded with flame^ being directly over the fire : the ftame is stopped 
Sthe brick- work^ W^ over the firbh^ and forced to pasa under it^ and 
Bn over the sixth, where it again meets with an t|iterinpdo&, whi<^ 
forces it to go under the seventh, and over the eolith j it then turns 
round the end of the longitudinal wail whidi divides the furnace^ and 
passes over the eighth smaller cylinder, under the seventh^ and so 
on, alternately^ over and under the other tubes^ till it reaches the 
chimney. The wall that divides the furnace may be seen in Fig. 2. 

*' To secure a free communication between the different parts of 
the boiler^ the'three tubes of the middle cylinder, C, are connected 
with those of the two exterior G's t>y two pipes, 0. The other ends 
of the tubes, a a a, are each fitted with a cover properly secured and 
boked> but which can be taken off occasionally to dean out the boiler. 

'^ In working wit4i such boilers the water carried off by evapo- 
ration is replaced by water forced in by the usual means ; and the 
fiteam generated is carried to the place intended by means of tnbes 
^Aected with the upper part of the cyKnder A. 

*' It may not be improper^" says Mr. Woolf, '^ to call the attention 
ef those who may hereafter wish to constmct snch apparatns to one 
drcnmstance, namely^ that in every case the tubes composing the 
boiler should be so combined and arranged, and the fomace so con- 
atmcted, as to make the fire, the flame and heated air, to act around^ 
over^ and among the tubes, embradng the largest possible quantity of 
iStk&jr suclace. It must be obvious to any one that the tubes may be 
made of any Idnd Of metal) but I prefer cast-iron as the most con- 
venient. The size (^ the tubes may be varied : but in every case care 
riiould betaken not to make their diameter too great; and it must 
be remembered that the larger the diameter of any single tube in snch 
a boiler the stronger it must be made in proportion, to enable it to 
bear the same expansive force as the smaller cylinders. It is not 
essential, however, to my invention that the tpibes should be of 
different sizes ; but I prefer that the upper cylinders, espedally the 
one which I call the main cyMnder, should be larger than the lower 
ones^ it being the reservoir, as it were> into wmch the lower ones 
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send the steam, to be thence conveyed away by the steam pipe oi 
pipes. The following general direction may be given respecting the 
quantity of water t6 he kept in a boiler in my construction : it ought 
fdways to fill not only the lower tubes but the main cylinder^ A, and 
the cylinder^ C, to about half their diameter, that is^ as high as the 
£re is allowed to reach, and in no case ought it to be allowed to get 
so low as not to keep full the necks or branches which join the smaller 
cylinders, marked witb the letter a, to the cylinders A or C> for the 
fire is only beneficially employed when applied, through the medium 
of the interposed metal, to water, to convert it into steam : that is, 
the purpose of my boiler would, in some measure, be defeated, if any 
of the parts of the tubes exposed to the direct action of the fire should 
present in their interior a surfiure of steam instead of water» to receive 
the transmitted heat which must, more or less, be the case if the lower 
tabes, and even a part of the upper, be not kept filled with the liquids 

'^ As to the construction of the furnaces, though that must be 
obvious from the drawings, it may not be improper here to remark, 
that they should always be so built as to give a long and waving 
course. to the flame and heated air,, or vapour, forcing them the more 
efiectually to strike against the sides of the tubes which compose the 
b<Hler, and so to give out a large portion of their heat before they 
reach the chimney : unless this be attended to, there will be a much 
greater waste of fuel than necessary; and the heat, communicated to 
the contents of the boiler, will be less from a given, quantity of fdek 

''My invention is not only applicable to all the uses to which the 
boilers in common use are generally applied, but to all of them with 
much better effects than the latter, and can, besides,, be applied to 
purposes in which boilers, constructed as they have hitherto been,, 
would be of little or no use. The luorking of all kinds of steam 
engines is one important application of my invention ; ^ for the steam^ 
may be raised, in a boiler constructed in the manner before describedy 
to such a temperature, and consequently to such an expansive force,, 
as to, work an engine even without condensing the steam, by sin&ply 
allowing it to escape into the atmosphere after it has done itfr office, 
as proposed by Mr. James Watt, in the specification of bis patent^ 
dated January 5, 1769, whence, he says, engines may be worked by 
the force of steam only, by discharging the steam into the open air. 
In all cases where it is desirable to heat or boil water, or other fluida^ 
and substances, without the direct application of fire to the vessel or 
vessels containing them, which in such cases become secondary boilers, 
the use of my apparatus will produce superior to any obtained by any 
other means, no more being necessary than to make the vessels, or 
secondary boiler, containing the water or other fluids, and the sub- 
stances immersed or dissolved in, or blended or mixed with the water 
or other fluids, to communicate by means of a tube or tubes, with the 
prime boiler, constructed in the manner before described. In such 
cases as in making extracts of every kind for the various purposes of 
arts and manufactures, and for the simple boiling of water or watery 
fluids, the steam should go directly into the vessel or secondary boiler, 
whose contents are to be heajted or' boiled ^ and the orifice or orifices 
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ef th« jpif9 or pipes Mvough which the steam is coDveyed shosU ga 
(o a considerable depth ia the fluid, that the steam may be better- 
able .to give off its aeat, and be condensed before it can readi. the 
mrface ; and in e?ery soch case an allowance should be made for the. 
increase which will be made to the qnantitv of liqaid in the yessel to^ 
he. heated, by the quantity of steam which will be condensed in tiie 
same before the process be ended. The Tesseb into whkh the steam 
is thrown may be either open or close, as the nature of drcomstances 
may require t bnt where extracts are to be made, from v^(etable or 
other matters from which extracts are or may be made* as from hoM, 
bark> drugs, and dry stuffs, for brewing, tanning, dyeingf and other 
processes, the materials will be much more completely ediansted of 
all their valuable parts ; and in many instances they will be completely 
dissolved by employing close vessels, which in that case must be made 
very strong, a thing not difficult to be accomplished, when it is re- 
collected that they may be at a distance from, and consequently out 
of the power of being deranged by the fire; and that they may be 
surrounded with, and, las it were, buried in massy stone or brick 
work, in addition to other and obvious means of securing them. My 
apparatus so employed becomes, in fact, an improved Papin*8 digester 
on a large scale. I do not wish to be understood as claiming the 
merit of having been the first who applied ^steam in the manner just 
described to boil water and other fluids, but merely as pointing out 
an important use to which my apparatus is applicable, and in which 
the effect obtained will be much greater than by any other means. 

** Another important use to which my invention can be applied 
with better effect than the means now in use, is that of distillation 
on the large scale, and that by either sending the steam directly into 
and among the contents of the still or alembic, or by enclosing the 
still in another vessel, and making the steam of a high temperature 
to circulate in and to occupy the space between the exterior surface 
<^ the still and the interior surface of the containing vessel. In 
either case all danger of burning or singing the materials operated 
upon is done away, and a much more pleasant and pure spirit will be 
obtained than by the methods now in common use. I need not stop 
here to show the reason why, even in the case of throwing the steam 
directly into the still, the spirituous part will be the first to rise and 
pass over into the receiver. 

*^ I might mention many other useful applications that may be 
made of my invention ; but I shall only state one more, namely, to 
.the drying of gunpowder, and lessening the danger of explosions in 
the .manufacture of that article. By means of my invention any 
desired temperature, necessary for that purpose, may be producea 
where the powder is to be dried, without the necessity of having fire 
in, or so near the place, as to endanger its safety 5 for by emjiloyinff 
steam only, conveyed through pipes and properly applied and directed 
without allowing any of it to escape into the room or apartment 
where the powder is, any competent workman can produce a heat 
equal to that found necessary for drying gunpowder, or much higher 
if required. Nor is the lessening of the danger of explosions the 



article. 
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only adrantage wMch this w>y of drying gnnpowder boldB 

preients aDotner and an estential one for the giKidaess of the 

the beat cut be completely regalated, bo as to prevent, 

leBBOa, tbe partial deicompoHition of the powder by the anbliniBtion of 

the aalpbar, which is fotmd to take place by the methodfl at present 

in Dse. ' 

We have had freqaent oppmtuntdes of mspecting this excellent 
apparatuB, and can, therefore, epealc with confidence of its ntility. 
One engine of Mr, WoolTs ia now nsed with snch a boiler to drive a 
aaw mill, by Mr. Smart, of Lambeth Msrsh, and is prindpalty kept 
g^ng bjr the saw-daat from the mill. Two safety valves are gfenerally 
nsed, the plan of which is ingenioas. 




A is 4 part of the main cyl&ider of one of Mr. Woolf's boilers; 
R B the neck or outlet fi>r the steam sarmonnted by the steam box 
•C,. VfUA is joined to tlie neck B B by the flanms A A. Tlie top 
or Qover of t^e steam box C, marked with the letter D, wUck a 
.ff<lll.S^^red 01 its place, has a hole throng it for the rod of tb6 
Tsive, sp contrived aa to answer the purpose of a staffing box to 
H/ake tiie rod t^ork np and dofvn steam tight, the Staffing bemg kept 
in. its plaCQ.by tl^e asnal means, as shewn in the section. By means 
of B pin or nail i, and the two yei;tical jiiecea e e, the piston rod ii 
made ^t tp S** which is a cover of and joined to the hollow cylinder 
«!)> Thacoyer m fits steam tight into the collar o o, wMch is made 
&^ to tlie flanges a a. The cyUnder n « is open at the bottimi . 
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having a free commanication with the midn cylinder A, and has throe 
vertiod slits^ one of which^ S, is shewn in the diagram. The sum 
of the surface of all these slits or openings is eqnal to the area of the 
opening of the collar o o, in wbJch the cylinders n n works; When 
the steam acquires a sufficient degree of elastic force to raise the valve 
(that is, the cvlinder n n with its cover m, and the rod R,) and 
whatever wei^^t it may be loaded with, then the openings S, getting 
above the steam t^t collar o o, allows the steam to pass into the 
steam box C. The quantity of steam that passes is. proportioned to 
the elastic force it his acquired, and the weight with which the valve 
is loaded ; and the rise of the openings S above the collar o o, will 
be in the same pro]^prti6n. This valve may be loaded in any of the 
usual methods ; but Mr. Woolf prefers the one shewn in the orawing, 
in which the uppet paH of the rod R is joined by means of a chain to 
a quadrant of a circle i^. with an arm pr6jecting from it, as repre- 
sented in the plate, and Which carries a weight Z, that may be moved 
near to or further from the centre of the quadrant, according as the 
pressure of the valve is wished to be increased or diminished. As 
the valve rises, the weight moves upwards in the arch n », giving 
an increased resistance to the further rising of the valve, proportioned 
to the greater horisoBtal distance from the centre of Q, which the 
weight attains by its 'sUe^in the said ari^, the said distance being 
measured in the line OP passing through the centre of the weight. 
Thus, if the wdgfat Z press with a force equal to twenty pounds on 
the square inch of the aperture in O O in its present position, it 
will, when it rises to the position t, press with a force equal to 
thirty pounds, and at' P,'wiai a force equal to forty pounds on the 
square inch, so that the rod Q Z may be made to serve at the same 
time as an index to the person who attends the fire, nothing more 
being necessary for this purpose than to graduate the arch described 
by the end of die rod Q Z. In the side of the steam box C there is 
an opening N to allow the steam to jpass from it by a pipe or tube to 
the steam engine, or to •any secondary boiler, or for the purpose of 
conveying and applying it to any other vessel or use to which steam 
is ^fpiic{3)le. 

liomblower*s second RfOtative Bngi'ne^differs materially from his 
former one, it consists of 

'' A vessel in which the steam operates, made of cast-iron, ex- 
tremely resembling a globe^ flatted at the poles, (see Fig. 1) which 
shows one of its sides^ the other being simiUur to it. Fig. 3 is a 
representation of the parts of the machine which move round within 
the steam vessel, and Fig. 2 represents the interior of Fig. 1, with 
its lid removed. The pipe A, at Fig. 1, recdves the steam from the 
boiler, to which is connected a valve box, of any usual construction, 
by wldch to regulate the admission of steam. At B the eduction pipe 
is connected, leading from the upper apartment to the condensing 
apparatus, and turning in Sfich a direction as may be most convenient 
for the discharging pump to W wrought by means of an arbor, turned 
by the axle of the machine ; on which arbor is a small fly wheel, for 
the purpose of relating the inequality of the crank te which the 



If[8T(Htr OF THE 




STEAM ENGINE. 121 

imnp rod is attached. D D is a middle part of the steam vessel^ 
foroished with flanges for the purpose of screwing it to E E^ and 
ilso for receiving the lid; by which means the partition within is 
^cqred to its place^ in the middle of the machine^ and the lid may 
easily be removed for the purpose of rectifying and repairing the 
internal structure. G is the square part of qae'^d of the axis of 
the machine, over which is placed a gland H, divided into parts^ in 
order that it may be put on over the square^ and properly embrace 
the Dound part of the axis. Within this gland is a stuffing-box for 
the purpose of keeping the axle both air and steam tight. In one 
side «f the lower apartment of the steam vessel is a small opening, 
secured by a lid, for the purpose of cleaning that part of the machine. 
Fig. 2 represents the partition within the steam vessel, which may 
b^ made either of brass or iron, or of both those metals combined. 
B B is the lower flange, the upper part being taken away. C C are 
the two openings or passages for the vanes : these the inventor calls 
vane-ports, and to obtain a proper idea of their figure, it must be 
observed that the largest vane-port is formed by the exterior portions 
«f two cpnes z, and at ^, by a portion of the concave part of a 
sphere. The extent of tlds passage throughout must at least be equal 
io ninety degrees of a circle, and the vanes of a sufficient width, so 
iifat two oi them may always make their entrance into the vane ports 
before the other two make their exit. The edge, c c, mav, therefore, 
be supposed to descend into the lower apartment one half of their 
4epth> and to rise the other half to meet the eye; but it is not neces- 
sary that z be so deep all the way as y, bmt converge towards 
the centre of the machine. This is the ascending vane port; the 
desqending one is included between DD, which are rabbets or 
seating for receiving a packing; and jp represents arising edge, 
so as.to obtaip a depth at least equal to the thickness of the vanes ; 
.•epe.half of which edging is below, and the other half abqve the main 
«xi#J These edges receive two metal, plates, fixed down with sc^iews 
«ii. tbem, lor the purpose of confining the packing. The part E is 
also formed sphericail)', and is provided witk a packing groove, which 
itteets the edge of metal in tke middle of the vanes, ^y Fig. 3. F F 
is the main axle of the machine, laid in its place without the vanes ; 
'One «nd of which is to perform the work required, and the other is 
applied to the discharging pump. At J> D the packing extends to 
W W, MO as to embrace the nave as well as the descending vane, by 
which means both, the nave and the vanes move steam tight in their 
'«9volntio9s. t; t; v V is that part of the partition which forms a plane 
f^ the axis of the.globe, and is secured in its place by being seated 
i^ ja rabbet with the u&ual jointing materials on the juterior -laargia 
of the steam vesseL G G are two brasses let down, into the partitipn, 
HHd they are raised or depressed by screws as adj99ta1ent.j9.ay require. 
:At{ti- spaces are left for pacldi^g toiiimI the i^j j^d the upper 
:l>ras«e8. which keep dowp the IP^ serye also to Jce^p it in its pl^ce. 
At HH iare^.tbie9ti|flping boxes tmentionjBd in Flg.l; the^ have a 
division plate^of metal in them, so that « « being supplied with steam 
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from the valve box, the packing of each side of these vactntits are 
rendered air-tigfat. The manner in which the partition and vane 
ports are constmcted, is by rivetting the two parts vvvv, together^ 
by means of flanges at I I/first having moanted them on an axis, to 
correct, by tnrning, (either by hand or otherwise) the want of 
smoothness and truth from the casting; and when this is done the 
main axfe is fixed to its place as a gnide by which to set.np the fonr 
vanes, as at Fig. 3, where, by a mere inspection, it fs phiin how this 
is performed. The open vane exhibits a fi:ame of metal, wbidh 
receives a plate, on each side : these plates, with the edge of metal, 
K, cast with the frame, form grooves and vacaitres to receive the 
packing. The nave being hollow receives two iron axles, wlucfa are 
cnrved in the middle, and there cross each other. 

The manner in which they receive the vanes is shown by the 
figure ; also how the packing renders them steam tight on the spherical 
part of the nave, and that when one of them is moved, its opposite 
vane on the same axle must also be moved. The main axle. is turned 
f me by rivetting the two parts together at the nave, and re-rivetting 
them after the cross axles are set in their places. - AH the several 
parts of the machine being then put in their respective situations, it 
18 very evident that when steam rs ad!mitted into the tbwer s^rtment 
Che rising vane, which occupies the largest passage, must pyerpower 
the other in its descent ; and that, if by any means one of the vanes 
be turned a quarter of a revolution, it must at the same time carry 
with it the one which is connected on the opposite sidte of the nave^- 
and this turning is effected by fixing with screws a block of vroodi on 
the partition at K, in the form of a strong bracket. This block 
will not permit the ascending vane to pass it without being turned 
' OB its edge, by which means the one below is turned at the same 
time, to present its broad surface to the large vane port. It may be 
necessary to remark that when the machine is to be set atrwew^ the 
steam is not admitted into the upper apartment of the v^sscS^, to 
exclude the air, but enters immeidiately from the valve box tO/the 
eduction'or discharging pipe, in order to preserve the grease wHtch 
is made use of to lubricate the internal moveable mechanism of the. 
engine. 

We cannot ejcpress our opinion on this ingenious msehine better 
than Dr. Gregory, who thus remarks :*- 

" Is there not some ground for fear that in this contrivance, 
besides the force lost by the action of the steam upon the edges of 
the vanes, there will be considerable loss arising from the greater 
friction attending its operations than those of a common steam engine ? 
In this steam wheel there will be a great quantity of rough surface 
(that of the stuffing) exposed ' to frequent contact, and consequent 
resistance to the moving from the fixed parts ; besides, as the stnIM 
parts are here of great extent with r^^ to the magnitude of- the 
nf&ehinery, and ex^bit rapid variations of shape, they may when 
brought into constant work, befound difficult to keep in order."'* 

* Gregory's Mechanics' Art, Steam Engine. 
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Jilr. R. WilcoXj of Bristol, obtained a patent in 1804 for lesseniiif 

fhe consumption of fuel, by using steam of greater elasticity than com- 

on : he proposed in some instances to raise his steamto the pressure 

150 pounds on the square inch. 

Mr. Woolf *s steam engine is also a most ingenious application of 

-^ property which steam possesses : the improvement is founded on a 

*^rery important discovery which he made respecting the expansibility 

^sf steam when increased in temperature beyond the boiling point, or 

S12^ of Fahrenheit*B thermometer. It had been known for some tinvi 

<and for this discovery the world is indebted to Mr. Watt,) that steam 

^acting with the expansive force of four pounds the square inch against 

-«i safety valve exposed to the atmosphere, is capable of expanding 

itself to four times the volume it then occupies, and still to be equal 

"^to the pressure of the atmosphere* Mr. Woolf discovered that, in 

like manner, steam of the force of five pounds the square inch can 

•expand itself to five times its volume j that masses or qnantities of 

steam of the like expansive force of six, sevea, ei|;ht, nine, or ten 

pounds -the square inch can expand to six, seven, eight, nine, or ten 

times their volume, and still be respectively equal to the atmosphere, 

or capable of producing a sufficient action against the piston of a 

steam engine to cause the same to rise in the old engine with a 

counterpoise of Newcomen, or to be carried into the vacuous part of 

the cylinder in the engines of Messrs. Boulton and Wattf that this 

ratio is progressive, and nearly (if not entirely) uniform,, so that 

sjteam of the expansive force of 20, 30, 4Q, or 50 pounds the sqpare 

inch of a common safety valve will expand itself to 20, 30, 40, or 50 

times its volume; and that, generally, as to all the intermediate or 

higher degrees of elastic force, the number of^ times which steam of 

a given temperature can expand itself is nearly the same as the 

number of pounds it is able to sustain on a square inch expf)sed ta 

the common atmospheric pressure ; provided always that the. space, 

place, or vessel, in which it is allowed to expand itself, be.of the same 

temperature as that of the steam before it be allowed room to expand. 

. Kespectipg the different degrees of temperature reqpired to bring. 

steam to, and maintain it at, different expansive forcea above the 

weight of atmosphere, Mr. Woolf found, by actual experiment, setting 

out from the boiling point of water, vix. 212°, at which degree steam 

of water is only eqpal to the pressure of the atmosphere; that ia 

order to give it an increased elastic force equal to five pounds the 

square inch, the temperature must be raised to above 2274'', when it 

will have acquired a power to expand itself to five times its volume, 

still equal to the atmosphere, and capable of being applied as such. 

in the working of steam engines, according to the invention ; and 

ivith regard to various other pressures, temperatures, and expansive 

forces of steam, the same are shown in the following table:-— 
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Poundiper 
square inch 



Degrees 

ofheM. 



Expajuibility. 



I^team> of 
a greater de- 
gree of elas- 
ticity than the 
atmosphere^ 
acts with a 
force of 



5 
6 

7 
5 
9 
10 
15 
50 
25 
30 
35 
40 



at a tem- 
peratare 
of 



227 i 
2301 
232 i 
235i 

2Sri 
239 § 
250i 
2591 

267 
273 

278 
282 



it possesses 
a power of 
expandiDg 
itself to 



5 
6 

7 
8 

9 
10 
15 
20 
25 
30 
35 
40 



tiroes its 
volume, 
and jcon- 
tinne 
equal to 
the pres- 
sure of 
the atmo- 
sphere; 



and so in like manner, by small additions of temperature, an expan- 
sive power may be given to steam to euabk it to expand to 50/ 60, 
70, 80, 90, 100, 200, 300, or more times its volume, without any 
limitation but what is imposed by the frangible nature of every ma- 
terial of which boilers and other parts of steam engines have been or 
can be made : and prudence dictates that the expansive force should 
never be carried to the utmost the materials can bear, but rather to 
be kept considerably within that limit. 

Having thus brieflv explained the nature of Mr. Woolf 's discovery^, 
we shall proceed to give a description of his improvements grounded 
thereon. Mr. Woolf in his specification states, — *' that in describing 
his invention, he has found it necessary to mention the entire steam 
engine and its parts, to which, as an invention well known, he nei- 
ther can nor does assert any exclusive claim : he observes, however, 
that from the nature of the aforesaid discovery and its application, 
there can be no difficulty in distinguishing his said improvements 
from the improved engine of Mr. Watt as to its other common and 
well-known parts ^ and then gives the following account of an engine, 
embracing his hew improvements. 

*^ If the engine be constructed originally with the intention of 
adopting my said improvement, it ought to have two steam vessels 
of different dimensions, according to the temperature or the expansive 
force determined to be communicated to the steam made use of in 
working the engine ; for the smaller steam vessel or cylinder must 
be a measure for the larger. For example : if steam of forty pounds 
the square inch is fixed on, then the sinaller steam vessel should be 
at least one fortieth part the contetits of the larger one j each steam 
vessel should be furnished with a piston, and the smaller cylinder 
should have a communication both at its top and bottom (top and 
and bottom employed here as relative terms, for the cylinders merely 
may be worked in a horizontal, or an j^other required position, as 
well as vertical) } t^e small cylinder, 1 say, should have a communi- 
cation, both at its top and bottom, with the boiler which supplies the 
steam, which communications, by means of cocks or valves of any 
construction adapted to the use, are to be^ alternately opened and 
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shot daring the working of the engine. The top of the small cylinder 
slioald have a commnnication with the bottom of the lanrer cylinder, 
and the bottom of the smaller one witb the top of the larger, with 
proper means to open and shot these alternately by cocks, valves, 
or any other well known contrivance. And both the top and bottom 
of the larger cylinder or steam vessel shoald, while the engine is at 
woric, commnnicate alternately with a condensing vessel, into which 
A jet of water is admitted to hasten the condensation, or the con- 
<3ensing vessel may be cooled by any other means calculated to 
prodnce that effect. Things being thus arranged, when the engine 
Is at work, steam of high temperature is admitted from the boiler to 
«ict by its elastic force on one side of the smaller piston, while the 
steam which had last moved it has a commnnication with the larger 
steam vessel or cvlinder, where it follows the larger piston, now 
moving towards that end of its cylinder which is open to the con^ 
densing vessel. Let both pistons end their stroke at one time, and 
let ns now suppose them both at the top of their respective cylinders, 
iready to descend ; then the steam of forty pounds the square inch 
entering above the smaller piston, will carry it downwards, while the 
steam below it, instead of being allowed to escape into the atmosphere 
or applied to any other purpose, will pass into the larger cylinder 
above its piston, which will take its downward stroke at the same 
time that the piston of the smaller cylinder is doing the same thing j 
and while this goes on, the steam which last filled the larger cylinjder, 
in the upward stroke of the engine, will be passing into the condenser 
during the downward stroke. When the pistons in the smaller and 
larger cylinder have thus been made to descend to the bottom of thdr 
respective cylinders, then the steam from the boiler is to be shut off 
from the top and admitted to the bottom of the smaller cylinder, and 
the communication between the bottom 6f the smaller and the top of 
the larger cylinder is also to be cut off, and the communication t>e« 
tween the top of the smaller and bottom of the larger cylinder ; the 
steam, which in the downward stroke of the engine filled the larffer 
cylinder, being now opened to the condenser, and the communication 
between the bottom of the larger and the condenser shut off; and so 
on alternately, admitting the steam to the different sides of the smaller 
piston, while the steam last admitted into the smaller cylinder, passes 
alternately to the different sides of the larger piston in the larger 

Srlinder, the top and bottom of which are made to communicate 
ternately with the condenser. 
*^ In an engine working with the improvements which have been 
just described, while the steam is admitted to one side of the piston 
in the smaller cylinder, the steam on the other side has room made 
for its admission into the larger cylinder, on one side of its piston, 
bjr the condensation taking place on the other side of the large 
piston, which is open to the condenser; and that waste of steam 
which takes place in engines, worked only bv the expansive force of 
steam, from steam passing the piston in the smaller cylinder^ is 
received into the larger. 

*^^ In such an engine,, where it may be more convenient for any 
particular purpose, the arrangement may be altered, and the top of 
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the smaller made to commuDicate with the top of the largery aad the 
bottom of the smaller with the bottom of the larger cylinder 5 in which 
case the only difference will be^ that when the piston in the smaller 
cylinder descends^ that in the larger will ascend, which, for some 
particalar purposes may be more convenient than the arrangement 
before described."* 

Mr. Woolf in his patent of 1S05, proposed to use oil or fieit to 
sorroond his cylind'^rs in place of steam, previously used to prevent 
the waste of caloric. He also proposed to surround his piston with 
mercury, or employing upon it such a column of it as might be 
equal to the pressure of the steam. But Mr. Woolf possesses much 
greater claim to notice by his invention of a most excellent method oC 
tightening the packing of pistons. It is well known that the piston of 
a steam engine by continued working becomes easy, and by allowing 
(Bteam to escape past it occasions a /considerable waste $ so that it is 
necessary in the common plan to take off the top of the cylinder in 
order to get at the screws or supply the piston with fresh packing. 

Mr. Woolf obviates this difficult and laborious operation by a 
method of tightening the screws without in the least disturbing the 
cover of the cylinder, which he thus effects. 

He fastens each of these screws into a smajl wheel (c cc c c. 
Fig. 2) which are all connected with each other by means of a central 
wheel d d, which works loose upon the piston rod in such a manner, 
that if one of the small wheels be turned, it turns the central wheel, 
and the latter turns the other four. The one that is to be first turned 
}% furnished with a projecting square head, which rises up into a 
recess in the cover of the cylinder. This recess is surmounted by a 
cap or bonnet, which being easily taken off, and as easily put again 
in its place, t^ere is little difficulty in screwing down the packing at 
anytime. The parts are so clearly expressed in the drawing that 
no further description is necessary to make anyperson comprehend it. 

The other method is similar in principle. But a little different in 
construction. Instead of having several screws all worked down by 
one motion, there is in this but one screw, and that one is a parf of 
the piston-rod: on this is placed awheel of a convenient diameter, 
the centre of which is furnished with a female screw. This wheel 
is turned roupd, i. e, screwed down by means of the pinion 0, Fig. I, 
which is furnished with a square projecting head rising into a recess 
of the kind already described. The ring is prevented from turning 
with the wheel by means of two steady pins. 

Mr. James Boaz, of Glasgow, obtained a patent in 1805, for a 
machine for raising water on a plan somewhat similar to Savery*8; 

a is the steam cylinder ; t the pipe from the boiler, having a 
stop cock i^k A waste steam cock ; e a floating piston attached- to a 
piston rod. F a pipe which generally contains not water; y water 
pipe, haviuff a valve at g immersed in the well, and delivering the 
water into the reservoir v, jfchrough a valve z. The air which accu- 
mulates in the receiver escapes at n ; t; the raised water dstern ; d 

raiifying or exhausting vessel. 

. • - ■ • . . • '1 , 

* Philosophical . Magazine. 
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Hie .whole being filled with mercury and water, shut the wr 
valve K, aad open J, tlie steam from the boiler will mih into the 
receiver, and after heating the water, it presses on its anrfaoe, 
ibrring the nercory op into the exbantting vessel d. The water 
above (^, and in the pipes Ef, will be forced up into the dsten 9, in 
a quantity nearly equal to the apace occupied by the steam in .the 
recover. When the pieton has been depnwed at far «« i« neceauiy 
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or Its stroke^ fhe self-acting meefaanism attaebed to its rod, shuts t, 

and opens k ; and the mercnry bdng bow at liberty to act by its 

^avity, descends from the exhaasting pipe, and raises the piston to 

its first position 5 and the steam which pressed it downwards being 

^aoWiaUoWed to Horn' into the atmosphere, the-fall of Uie^mercorv 

'ifrom 4? iitoia, laaveaia vapfwin i^ c(,.mto whkkthe mter Jiijfiie mm 

'kr jM[*essed by > the «tM09phere> and 'agam fius it. llie valve :i|i .f, 

^^ievcMla its tetturn- to the w<eU in th» operal^ of (or/^n^ ) jiiid.tSe 

>*Va(lv«rarfprev^ls!i«s< Call frMiAei:ei«tern\ whoa the vaomm iH * 
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Id thsyMrr IWH Mr. JohiiTroUer, ot IjonAoa, obtained a p 
f<»v-a RoWire Engine, which way be tbuBilluitraled. 




A, ■ drcolar piece called the ooter barrel. B the inner banal. 
C a drcniar piece called the eccentric. D, a piece called the nn*f, 
^rhicli Bhvts completelf across the space between the inner and ontw 
iMrrels, so as to intercept the commnnicatinn in that port. Thera 
«n capa or covera at each end of the pieces, which close the spaca 
between the two barrels, and ser»e, by grooves or other well-known 
ttnings, to keep the other parts in their respective places. 

Tiic ■itoations and motions of the parts heiein enamerated ara a* 
CdUow;— 1st, the barrels areconcentrici jndly, the sweep Is capable 



«f moving or revolving (either by absolute or rotative motion) thronvj^ 
the space between the barrels: it may be either separate front toe 
liamlB, or it may be fixed to cither or both of tbem, and in the laM 
nentinned cases, the barrel or barrels to which the sweep shall or 
nay be so fixed, will necesBarilv move along with it. The sweep ia a^ 
w^ fitted or fixed that no floid shall pats throogh the places of it^ 
Mpoaition or jnnction with the barrels or caps, or as that the qvaKt 
ttty snffered to pass shall he inconsiderable. 3rdly, tbe eccentric U 
of Bueb a diameter and so wrought, that Us concave and coavav 
rarftcat ahall touch the inner and onter barrels, and that tbe pUcw 
of contact shall not admit atty fluid to pass between the eccentric ayi 
eAch barrel severally, or at least, that tbe qnantity which may so pas ' 
akall be inconaiderHble. The eccentric is capable of rotation in iU 
own plane or periphery, bat not otherwise with relation to the eMf»i 
and It baa a long perforation through which the sweep is piit^ cqb- 
•Kqnendy the sweep and the eccentric will always move tocher. 
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It may be pointed oiit> as distinguishing charaeters of this engine^ 
that^ whenever the sweep is moved^ the space which is comprehended 
between the barrels and the eccentric^ and the posterior or hinder 
surface of the sweep will be continually enlarged^ and that the space 
which is in like manner compreliended between the barrels and the 
eccentric, and the anterior or fore surface of the sweep, will be con- 
tinually diminished^ excepting that^ soon after the sweep has passed 
at or near the places of contact between the eccentric and the outer 
barrels, the posterior space will be suddenly diminished by the sepa- 
ration of all that portion which was comprehended between the 
eccentric or outer barrel, in consequence of the place of contact 
having come to be behind the sweep. And also,^ that soon after the 
sweep has passed at or near the place of contact between the eccentric 
and the inner barrel/ the posterior space will be suddenly diminished 
by the separation of all that portion thereof which was comprehended 
between the eccentric and the inner barrel, in consequence of the 
place of contact having come to be behind the sweep; and the said 
portions so sepiitated will then respectively become portions of the 
anterior spaces, in conseqnence of the interval or distance which will 
at the same time be formed between the eccentric and the barrel 
immediately before the sweep. Whence it is manifest, that if any 
fluid be forced by gravity, elasticity, or otherwise, through one or 
more apertures from without into the space on one side of the sweep, 
that pressure will carry the sweep forward and the eccentric along 
with it, together with such barrel or barrels, as by the construction 
^hall.or may be gxed.to the sweep; aBd> nitOrapver^ \( \^^^^ b^ any 
one' or more other apertures communicating (rpm the opppsite. side 
• of the sweep, in order to allow the said fluid to escape, or b^ 9arned 
\)ff or condensed^ or otherwise disposed of, all such portions of the 
'said fluid as, by the change of situatiqn of the sweep hereinbefore 
'described, shall be separated from occupying part of the space behiod 
the sweep, and shall come to occupy part of the space before U|p 
same, will, in fact, so escape or be carried off, or condensed, .or dis- 
pcsed of, and the rotatory motion of the engine will be kept np, and 
may be ftjpplied as a first mover to other works, so long as i^ do^ 
supply of the said fluid shall be afforded. 

' ' It is manifest, that in case the rotatory motion of the said engine 
t)e produced by any force not applied to its internal parts in the 
manner hereinbefore described, and any fluid be admitted to com- 
inunicate with the posterior space within the same, the said fluid so 
ieidmitted will flow into or be absorbed in the said space* which be- 
comes continually enlarged, and will afterwards be transferred to^ 
iand drawn out of, the anterior space which becomes cpntinually 
diminished as aforesaid : and that, in this application, the said engine 
may be used to raise or give motion to fluids in any direction wha^* 
ever.* . ^ 

This rotative engine possesses originality and ingenuity vi4udi 
cannot be said of many we have enumerated. Our readers will 
perceive that the reasons which we. have given for the |ailai;e •( 
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^□lany of sach like attempts may be applied to this apparatus with oo 

S^ess troth. Friction has been generally the cause of their failure, 

<^iid here that friction appears more than doable of almost all we 

Slave yet noticed. For to the friction of the sweep we mast add that 

'^)f the ends of the concentric and eccentric cylinders^ which are 

;9acked al their peripheries, besides the friction of the points where 

^hey are in contact with each'other. If machines of this nature, 

^^hen encumbered with only one inner cylinder, have been infi^rior in 

<^ffect to the reciprocatioe endues, it cannot require modi discern - 

3neAt to see that, in this instance, where two such cylindei^s are used, 

the power must be trifling indeed . Farther, it may be added, that aU 

the parts would be liable to wear out of the forn^ in which iwff wertt 

^rst oooataracted, so that no packing could preserve them stelOli-tfg^t^ 

This we apprehend woald take place in a short time, at the side^ oF 

the cavity formed in the eccentric cylinder, for allowing th^. a^^^p 

to slide through it. ' C 

We consider the machine we are about to describe, invented "by 
Mr. Andrew Flint (and patented about the same time), si Ikble to 
the objections we have just mentioned. The difficnljt; of packing 
indeed (all others out of the question), appear to be an iasuperable 
barrier toTts application. 

Fig. 1 is a horizontal section through' the body^of^he f^ngine. 
Fig. 2, which is a vertical section of the sane, in ther Ulfe. n v of 
Fig. 1 ; the same in each figure being mark^ with ^ >ame 
letter. C is the outer cylinder of cast iron, ' or 'Other proper 
metal ; D the bottom plate of the same. £ the top plate, /irmly 
fastened down by screws passing through the projecting flanges Itt/f, 
G is the inner cylinder, hollow, &nd divided by a partition at A, : The 
two cylinders, C G, must be turned very true, and placed etactly 
concentrically. A B is the hollow centrsd shaft, cast in one .piece 
with the cylinder G, and forming an axis to it, turning- in the stuffing 
boxes II. K and L are two valves, each consisting of a top and a 
bottom plate m m (see Fig. 4), connected by a portion of a solid 
cylinder n. The plates m are sunk into the plates D and £, so as to 
lie flush with their inner surfaces ; and the connecting piece n lies 
in and fills the cavity prepared for its reception in the oater cylinder 
C, at 0, and thus completes the inner surface of the same. 

P is the steanr float, firmly attached to the- cylinder 6^ and 
revolving \iHth it through the circolar passage left between the two 
cylindm j which passing it accurately closes by menns of a packing 
compoMil «! hemp, tallow, or other substances used in steam engines 
for that purpose. 999q shew the manner of packing the top and 
the bottom plates of the cylinder G, and of the valves K and L, , to 
prevent the escape of the steam between them and the top and bot- 
tom plates of the outer cylinder. This is alike in all these instaujces, 
but will be most readily understood by comparing Fig» I. wHh Fig. 3, 
which siiews the parts to a large scale, r is a dvcfuar groove sunk 
in the inner surface of the plates Dandf), and cbncentrical to the 
axis of the cylinder G, and of tiici vali^ K and L respectively. In 
this groove i% Placed a metal padeuig ring i, and it is th^ to be filled 
^p with a packing, against which the surfaces of the said plates of 
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G, K, and L work j and this packing may be tightened in any 
degree necessary by the acrcws sss s, which press upon the buck of 
the packiDg-ring. It ia proper to notice, that these circular rings of 
packiog shonld, in a small degree, intersect each other at 1, to 
prevent the steam from escaping between them into the vacnous 
parts of the engine. Q Q are chases lilled with packing, to prevent 
a similar escape of the steam behind the valves. The steam-lloat P 
is to be packed in its place by means of the circular aperture in the 
top plate B, which apcrtnre mast be securely closed by a plate fitted 
into it, and confined by a utrong dog ; or the packing may be iiitro- 
doced by holes in the outer cylinder C, which may be closed in a 
somewhat similar manner ; but this mode is considered as less secure 
when steam of great elasticity is employed. It is evident, that if 
steam of suffident force be admitted through the hollow shaft A, it will 
fill the lower division of G, and passing through the hole 6into the cir- 
cular passage already described, where (the valve L being first placed 
across the said passage), it will act upon the steam-float P, with a 
power proportioned to its elasticity and the area of P, and thus face 
it round till it passes the valve K, the steam before it lioding a veut 
by the hole?, into the upper division of G, and so through the shaft 
B into the condenser. If now the valve K be shut, there-action, 
as it is termed, will take place against it, and the valve L may be 
opened to allow free passage to the steam-Hoat. These valves are 
placed in the required position by the working gear.* 

It is our busiuess nest to describe the inventions of Mr. R. Wil- 
cox, of Bristol, whom we have already noticed in another part of this 
chapter. He obtEuned a second patent in 1805, for a number of 
rotative engines, which are, in our opinion, exceedingly ingenious. 
The work, entitled Stuart's History of the Steam Engine, has passed 
over the contrivances of this gentleman, by remarking that they vary 
from Mr. Flint's only in some trifiing alterations of the cocks and 
Hteam pipes. Bnt it will be seen that this is extremely incorrect, as 
some of the plans described differ entirely not only from Mr, Flint' s^ 
bnt from every previous attempt of the hind. 

f^. 1 is a vertical section of one of his plans as attached to the 
common condenser for the purpose of shewing one of the most simple 
and compact arrangements, where the steam is condensed. A the 
outside case or cylinder fixed to the framing of the condensing cistern, 
or any other more suitable and convenient framing that the engineer 
may ^nd moat appropriate or suitable to the locality of the premises, 
where the engine is to be erected. B B the inside or revolving 
cylinder, attached to and connected with the vertical shaft, which 
is the first mover, and which gives a rotative power to any de- 
scription of machinery requiring the same, through the mcdinm 
of a spur wheel fixed to the said shaft, when a vertical motion 
is required; or with a bevil gear wheel, where an horizontal 
motion is wanted. C C moveable pallets, gates, or valves, for 
regulating the operat'ion of the steam iu the engiiie; one of 

■ Speiification of Patent. 
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tte wdd pallotii &c. is ttttncbed to the fixed cylinder A, attd 
tbe odier toikft intuior cyliiider B, h iiDwe difltinctlr leen 
ik /V'S> ■"'^ ^* references muwnd. D the atCRm vkIts for 
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the admiasioii of steam between the said pidletSy £ the ei** 
iMmsting Yalve for the egress of steam. The gear re^airjed- for 
gpeoingand shutting the valvtes D and £, and for opeoing and 
shotting the said pallets or gates C C, is so nearly similar to that of 
common engines^ that it would be useless to describe it more than 
the said valves D and £ require to be opened and closed at the same^ 
time> whereas, in general, they are opened and shut alternately by 
t)ie ping tree^ or other simple and well known means, F the top of' 
the cylinder^ composed of a ring of metal^ for pressing tte padapg 
round the moveable. cylinder^ the lid is screwed down* with^ screWs, 
as is usual in securing the lids or tops of cylinders. . 6 6 two rings 
of metal pressed by screws^ from a lever secured to the iojp of tb» 
cylinder F, for compressing the packing, and securing the joint of 
the cylinders A B. H H a circular channel into which the revolvinj|^-> 
cylinder B works, for the purpose of preventing theingress of'ati'or 
other flciids into or by the said interstice or channel, and' which' is? 
packed with hemp «ind grease, and pressed in such manner with a 
ring as thereby to render the engine more efficient, by keeping it 
perfectly tight. I the common condenser^ the air pump of which« 
is wrought by studs or stops projecting from the honzontal BhaHt^^ie 
aQy other simple or effectual way the enginj^er may think luroper, ais' 
is more dislinetly seen in i^^ 3, wliich is'the endvi^w ofthe shi^ 
and the side view of the pistod rods^ the operation iaf wj^i^ is so 
obvious, as not to require eltftpidation. Fig, 2 cxliiWi^J^ i)ird*s 
eye jriew of Fig^. 1, with the top of .tlie.(cy1h(|ier an^^bmpressing 
rings removed, to show the operation or '^paratus for opening and 
closing the pallets^ g^tes^ &c. anc| and also part of the flanges re- 
moved to show the situation of the valves. The letters of reference 
in this case of Fig.^» are placed open the same parts of the engine 
as in Flg"^ I, which it would be superfluous to recapitnlate. G C the 
pallets^ &c. formed of two or more pieces of metal ; one part of the 
said pallet is permanently secured' to each cylinder A and B, whilst 
the other part or parts turn on a joint or hinge 3 which said joint or 
hinge is made steam tight or seoured^. together with the whole of the 
edges coming in contact with the cylindef; with a hemp cloth stuffed^ 
wadded, or folded together^ or bj other * similar materials^ capable 
of stopping the passage of fteiUB, aiid which must be screwed or 
otherwise fastened on th6 front of the ^aM^pallet | and by the pres- 
sure of the steam it is pressed or brought in contact with the said 
pallet or cylinders^ and thus it effectually prevent^ the escape of 
steam^ or other fluids by or with which the eng^ i| wiroi^ht. AlK K 
two racks and pinions communicating by a straight and pwillel 
bar^ \vorkiog through a stuffing box intiid sides ..of . each tr^qder, 
whereby the said vSves are opened and shnt^ #hilit'|>a8sing each 
other^ from the external part of the engine byapiec^rojecting from 
the ^pper or lower part of the fixed cylinder^ whipfi may be placed 
at the option of the engineer ; which said piece in its passage comes 
into contact with the gear connected with the said pallets, and 
thereby with any of the well known simple methods or gear used for 
opening and shutting of valyes in the present steam, engines. The 
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rl, &c. bf Dm engine are opencri and sbnt w occadoa reqrires, 
^f. 2 exhibits a second gita, Ac. whicfa In tbii cnw alides 
baokwards againit a straight parHllct snrface darinc the time th« 
pdlet in tlw revolving cylinder ii pauing when tbe sud gate ii 
slitting by tlu gear against the revolving cylinder, as in the drairing. 
Hm aaid gates may be opened snd closed in a variety of ways, soch 
MK^tindlasrannd intothe bottoB of the filled cj'ltnder, and cen- 
naetad by 'a fink to the gate internally, or a crank or componnd lever 
nKy be nppUed instead of the rack and pinion extemaity. 

1b nnnthv plan Mr. Wilcox proposes a piston firmly fixed to the- 
iiliiliiii cylinder, and instead of gates or pallets, he has a plate of 
DMtkl wbin is draws into a recess as the piston passes, and retnrved 
itamadiately into tke cylinder, so as to becone an abatment for tbe 
aelionof the steam. 

In tlus plea A is tbe outside statioimr^ cylinder. B the iimer 
cjiloder. C the top of the cylinder and nngs, as in f^g. I and V, 
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already eimlained. D a plate of metal, as represented by the dotted 
fines, made very straight, smooth, and parallel, as it respects its 
tbickDess. £ a skmll ^hait or axle> working through a box, or k 
receptacle fixed on the outside of the cylinder A, allowing room suf- 
ficient for the said plate to drop clear off to th^e bottom of the cylinder^ 
whilst an accurate incision is made in the bottom and side of the 
cylinder sufficient to admit the said plate D to slide freely up and 
down, which is effected by a rack and pinion, or lever, or any other 
simple contrivance attached or connected to the extremity of the shaft 
& ', by which meaus the steam is caused to act on the same or a 
similar pindple, as in Fig. 1 . P, Fig. 4, presents a second way ot 
prodndnil the same effect, namely, that of raising a plate of metal 
throngh an incision made in the bottom of the cylinder Ay from a box 
fixed imdemeath the cylinder^ through the medium of a parallel bar 
working throngh a stuffing box ; whereby the said plate D is raised 
or deprcBsed, as the working of the engine requires. 

'' Fig. 5 is the bird's-eye view of Fig. 4, with the same general 
letters of reference to thei^ respective parts, as in Fig. 4. K th^ 
steam passage. L a passage leading ot communicating with the con- 
denser^ when the steam is required to be condensed. Here it may 
be necessary to remark^ that, although the plate D is showti iaS rising 
upwards^ as being the most convenient way 5 nevertheless, the boxes 
necessary to receive the plates may be placed above the cylinder^ 
and the plates may be raised in an oblique instead of perpendicular 
direction. 

'' Fig. 8 is the plan of another rotatory engine. A the outside 
fixed cylinder. B the inner or revolving cylinder. D D two or more 
pallets^ working through a deep stuffing box, and turned by a lever 
or other power from the external part of the engine altelrnately flat 
or edgewise 5 the pallets D are fixed to the revolving cylinder; £ is 
the steam passage^ that to the condenser not being shown. 

'' Fig. 10 is the bird*s-eye view of a rotary engine, as wrought 
with a cock or portion of a circle, whereby a similar effect is produced 
as in Fig. 1, by or with a portion of circles : in these figures, 8, 11, 
the lids of the cylinders are removed, and a part of the flanges where 
the circles or irregular cocks are used is broken off, to render the 
working parts conspicuous. A, the outer or fixed cylinder. B, inner 
or revolving cvlinder. C C, the pallet, cock, or portion of a circle> 
fitted accurately into the circle it prescribes ; with a spindle working 
thi^ngb thi^ top of the cylinder. D, the groove, into ^r against which 
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the part coming into contact with the rerotving cylinder is secured 
with a piece of hardened metal, in order that the constant friction of 
the revolving cylinder shall not injore the pallet or cock, E the 
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passage to the boiler. F the passage to the condenser. G the pallet 
secured to the working cylinder. In this figure two portions of 
circles and cocks are introduced^ for the purpose of showing clearly 
their situations in different places^ the same as in Fig. 10. 

" Fig. 11 exhibits the bird's-eye view of a rotatory engine^ as 
wrought by a cock or cocks, which regulate the steam instead of 
valves, and also act as the principal cock or pallet in the said engine. 
A the outer fixed cylinder. B the inner revolving cylinder^ with a 
fixed pallet. C C the cocks, ^vhich are wrought from the external 
part of the engine, by a spindle passing through the top. D a piece 
of hard metal^ introduced into the said cock^ to resist the friction of 
the revolving cylinder^ as explained in Fig. 10. £, steam passage. 
F^ passage to the condenser."'^ 

The first of Mr, Wilcox's plans (1 and 9) is, as far as we kno w> 
perfectly original. Its great complexity has been^ no doubt^ a great 
cause of its abandonment; if, indeed^ it was ever tried. The number 
of racks, pinions, gates, pallets, joints^ grooves^ slides, and stuffing 
boxes^ must instantly impress the mind of every one with an idea of 
its great inferiority to the most complex reciprocating engine. 

The second scheme, (4 and 5) it will be perceived, resembles in 
its general principle one of Messrs. Bramah and Dickenson's engines, 
a description and plan of which will be found at page 70 of this work. 
The objections, therefore, which have been made against that plan^ 
will apply equally to Mr. Wilcox's. 

In the third plan (Fig. 8) we apprehend that a great waste of 
steam would arise from the difficulty of making the pallets, D, unite 
sufficiently close at the joints ^ besides that the complexity would be 
nearly as great as the first plan. 

The fourth and fifth plans (10 and 11) resemble that of Mr. Flint's 
so nearly that we doubt not they failed from the same cause. 

In the year 1807, Mr. Henry Maudslay, of London, obtained a 
patent for a Portable Engine, in which he introduced several in- 
genious improvements on the valves and working parts of steam 
engines, which tended not only to reduce the friction, but altogether 
to render them tighter and more compact. The accompanying figure 
will enable our readers to understand what these improvements were. 
' . ' A represents a frame of thin cast iron, for the purpose of fixing 
the cylinder. B B are two cold water cisterns, of merely sufficient 
size to admit of easy access to the pumps within them 5 they com- 
monicate with each other by a pipe a, C is the cylinder surrounded 
by a casing {b) of copper or other material. The space between the 
cylinder and casing is filled with wool or some other imperfect con- 
doctor of heat 3 D is the piston rod joined to smaller rods carried 
down on each side of the cylinder to £, and having an opening or 
division so as to avoid interfering with the main shaft. These rods 
are at their lower ends fixed to a wheel F, with a fluted rim: from 
the centre of which a connecting rod, G, is carried to the end of thd 
crank. The wheel F runs between two guides, cc^ so as to preserve 
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Mw lectilioeal motion of t^ rods E, tmd tbe piston rod D. H Ig the 
tawkt a three-throned one. J a cross bMi> for workigg t^pumpi 
POM; its tootioD u procaied by haTiDg a fork nnderne^hit, whick 
embraces one of the cranks H, on which is a roller for rodaciac 
{rictioB. Bf this means the fork, and eonsecjaeatly the beam and 

Swop rodi, ts reciprocated by the revolution of the ahaft. K K ia the 
7 wheel) L ia tlw pondeoaer, oontEuning the air pnmp Mj N is the 
i»t water ditern^ and O the hot water pnmp; P the ooU water 
IHup; Q the iigection oock; R the steam lupa from the bMkr to 
Ihe cylinder; S th« ednction [dpe. The ateau is admitted into ihe 
tyllMer b; a fonrrway cock, wluch differs from that geieraUy used 
ji^ its heug considerably more taper, which effedoally pnTCats 
it from J amfuk g by unequal expannon or G<HttnGti«aj as e?il to 
which the common cock is Uatde. 
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There are few machines which display more ingenaity^ either by 
skilfol arnrngement or neatness, than this; and^ as it regards its 
utility, it need only be said that long continued trials have folly 
established the great excellence of Mr. Mandslay's engine. We do 
not pass over this machine, thercfgrej with so short a oescription on 
account of any doubt respecting its merits 3 for were the length of 
^MT remarks to be ^ver»ed by oar 4^inion of the vtility iS a«f 
machine^ they would m this ^nstmiee eatend over several pagee . fiat 
l^owever beautiful may be the arravg^ent of Mr. Mandslay's engines^ 
Ibis is not their s^i^e merit ; for Mr- J4' t^tj by smperior wor]^ jpajoship, 
and most carefol attentpoa to the laloBitiMi of jgooa materials j oblainecl 
the reputation of being ope of the best manufaetarers of steam tnffinea 
Un fixe world. 
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CHAPTER VI. 



D iteraeMion't 



We stated in our remarks on Hornblower'B Steam Wheel, (de- 
Bcribed &t page 77) that it Lad been claimed as an orijpnal invention 
many yaaTB after Mr. Hornblower obt^oedapateDt forit, we alladed 
to the patent of Mr. T. Mead, of Hull, dated 1808, the specification 
of which describes a machine resembling in principle, thongh of a 
somewhat diflerent form, to this engine of Hornblower's. 
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'' A and B, Fig. 1> are two circular plates or shells of metal, 
similar in their construction, having their insides turned^ or otherwise 
made very true and correct ; A has its inside uppermost^ and B its 
outside uppermost. Each of these circular plates or shells have a 
flange and semicircular cavity formed for the reception of the pistons 
which are afterwards described, and a recess or hollow part formed 
reund its centre for a small circular plate to turn in. Near to the 
edge of each recess is a small groove runting quite round it 3 in the 
bottom of each groove is placed a metallic ring> O O, capjstble of 
bdng adjusted by screws on the outside of etich shell. At its centre 
is a hollow pipe or boss for the reception of the spindles, F and 0, 
The plate A has also two holes, a a. Fig. 3, to which pipes are fitted, 
one to convey steam into the shells, the other to conduct it from 
them into a condenser, or wherever it may be required. • C C two 
pistons with grooves round them to admit of a packing or wadding. 
D and £ two circular plajtes to which the pistons are connected 
or made fast. F and G two shafts or spindles ^ the spindle G is 
made hollow to receive the spindle F, which passes through it. H 
and I two arms made fast to the two spindles; each arm, near its 
extremity, carries a wheel K and J, which are generally termed 
friction wheels. L a fly or a regulating wheel> fixed to one end of a 
shaft or moveable axis, having in its side opposite tc its axis a groove 
running across its diameter for the reception of the friction wheels 
J and K, which wheels, when ihe pistons are pat in motion, work 
in it, and give motion to the fly wheel and other machinery which 
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may be connected with it. R R the hollow plates or bosses for the 
spindles to work in 3 S S flaiq(«s by which the shells are fastened 
together. Fig. ^ is a front view of one of the pistons^ with its cir- 
cnlar plate^ arm and friction wheel; J the friction wheel; H the 
iffm; D s eircular plate, and C the piston. V V V grooves for the 
reception eCthe pttdcing or waddittf, which is to be made fast therein. 
When the en|[lne is to be pat togetfaei'> the arms are taken off from 
the spindles ; the spindle F is then t^ bt ins^lrled in the hollow 
spindle G, which, with their respective f^stona^ are placed in one of 
the shells, and the one sheU placed over tin ether; the shells ar« 
then fastened together with sCt&wS or otherwise^ so aa jnst to admit 
l^e pistons with their respective plates 1^ Spindles to turn round ill 
their channels nearly steam-tight| tlife afints may thoa be made feat 
on the spiiidle8> and the engine ereisted. Place the direction of ita 
axis in an horiiontal or lateral dirsetloiiy parallel with tli^ direction 
of the axis of the fly, but nearly as iliaeh oiil of that line as the length 
oi one of the arms, H and l^ taken firem tb^ oefttre of the spindle to 
the centre of ks friction wheel, and at such k distance from the fly 
as to admit of the frictxeVi wheels moving freely in the groove on its 
&ce. By so doing the axis of the engine will be plaoed eccentric 
with the axis of the fly. The engine may be fixed in an iron or wood 
frame, and the fly supported in the same or a separate frame, in the 
position before point^ oni» If the fly is then tnmed half way ronnd 
upon its axis^ one of the friction: wheels will remain locked or hdd 
filist in the groove near its centre, and the piston with which it is 
connected remain nearly stationary in the ateain ebambter, between 
the holes a #, while the other Irictioi wheely with U» sralj spiniAe^. 
small circnlar plate and listen, make dearly one cdtaipletsrevwntioB^. 
round their common centre of taioth>ti, or the eentfe of the e^fine* 
If the motion of the fly continue till it haih made ene compislo revo^ 
Intion vonnd its own axis, the fneticsi wheel wlhtdi watt locked^ or 
held fast in the groove near its centrei ^tt move off in the gi!tove' 
towards the drenmf^e&ee of tiie4yy and with ita wtm, spindtey small* 
drcnlar plate, And piston, make neatly <(ne complete fiStolutioB 
round their common centre^of Mo(don> or the*eentre of the engine^ 
and the ether friction wheel ki its turn reiftmn looked, or held fast- 
in the groove near the centre of the fly, and tkerpislon' wifh which it 
is connected remain nearly stationary within the' titeam chamber 
between holes tf'a; and soon, alternately, aaloag^ as the fly continues^ 
in motion. Instead ol the hollow spindle G, and the solid spindle F> 
two other solid spindles may be used, by applying one to each smmH^^ 
circudar plate, and passing them trough the 0}^{>08ile pipes or 
bosses, CAch having its arm and i&iction whed as before, bnt workim. 
in ssffarate grooves mounted on sepaifate axM, iand anited by whM" 
work« When the enginie is to be set to wwrk by the force of steaili^ 
the steam is permitted to enter by one of the pip^s into the stMn* 
chamber^ where, by its elasticity; it will pt'css or act upon boti" 
pistons nearly alike ^ and as one e^ the pistons is stopped or heM' 
fast by the aforesud methods, the steam cannot pass intO' the other 
ppe that way, bnt will force the other ^toU round with ita small 
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^circular pUte, spindle, arm, and frlicttoii wheels and pat the fly U 
^snotioo, and continue it as betott teplained. A similar effect way 
V)e produced wfth a concave globe or sphere, having within it two 
^uoveaMe seoii- circular leAve8> (as A sniiwtitute for the pistons) with 
ackings at their edges, attd united in the centre or axis of the globe 
"^nrith joints or hinges, and havitag each of them an axis passing 
"through the globe to receive the arms and friction wheels as before 
described, and with holes anid pipes for the admission of steam."* 

By referring to the aforesaid drawiilg of Hornblower's Engine it 
"^ill be seen that principle of alternate revelation of tw<ii pistons is 
<«dopted, both in that and in this before ns. But although there 
anight not be that difference in Mr.,Mead*s en^ne to marit the name 
^^f an oriffinal idea, yet it is extremely ingeaiods f and the method 
thereby he has endeavoured to avoid the striking of the two dia- 
phragms, is probably the nearest approach to a removal of that evil 
which we stated was th^ probable reason of the abandonment of 
Homblow^'s plan. For here, by the aid of the fly wheel, the 
moving piston is gradually brought (like the piston of the recipro- 
cating engine) to a state of rest, so that the striking wouUi be almost 
done away with. This being the case, we feel much difficulty to 
satisfy ourselves as to the cause of failure: and, but for the assurance 
that it did actually fail, we should have almost expected that it wooM 
have exceeded in effect any rotative engine we h^ve vet described* 
V6r dthdugh there is i>cason to beUeVe that the i^^adding oh packit^ 
wonld be torn out of its place in passing ^Vei^ the cavTtieS f6r the 
admUsidn kkid exit 6t the steam, yet that difflicdlty could be iremoved 
br th^ Eitibsdluttott of Metallic packing. If this ehgitae ever had a 
mi IHIil tthdci' dliliUii^aAces where there vrete no local incohvetiU 
*i&tksA, #e 'cont^^s we cahnot see why its effect iHnas fiot egtiatai ie&H 
tb'^Hii 6i a b^m emgilie. It is trne, the revolution is neitheir c^Mh- 
Itintfou's'hoi^^uabli^, but this is no more the case With any engine In 
escu nbt^ Qtk the conti^y, a mtach gfreater mass of matter id otherii 
%&c IS to b^ brpughtto rest at each change of motiott. 

UtrlSamuel Gleg^, 6t iMaiidhester, obtained a patent for a ttotittlVI) 

En^^lb the yekr 1809, the pfiiicipie of which is thus explained. . 

^ ^1^. 1 is th6 undefsidte of aeircdar piece of cast iron, and of a 

diameter and thickness prppottioh^ to the sv/6 of the engine. I is 

the i^diiiftion centime of the different cirdes shown on this piece. With 

a6y Cdnveiii6nt f &diu8 less than that of A A describe the circle C C^ 

im within the latter the circles I> D kud £ Ey— the radius of the 

tteter being the least of those how named. iProm the uses of th6S6 

'I^IU'ts, which will be immediately di^cribed, ad idea of theil* r(bhi\H 

dimensions will readily b6 inferred. Let that part .of thd surfaco 

A JB,, a6 which is contained bet weed thd CireTes A ^d C, be plaid. 

Between the circles add D.sidk a circular gtodvcf C D 6f ady glved 

d^tti j add baweed the circles D add iB Ut a&other circular gr6oVe 

b6 dnt of the b^ieiadth D E, add Of &dy giVefd depth tel6 than that o( 

ihe j^roove C D. Let the temaining patt of tbh UntMe A B^ JUSimdy, 
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tbatinclnded between G and B, be ot down to any depth lui Uhm 
the deptb of tbe groore D E, 

" into the groove C D let sncb a nnmber of segments of a arcle 
be fitted us shall fora a complete circle, exciting tbe space at L, 
which is occupied by adjnsting screns or springs, to keep the it^- 
.menta dose together. The segments are the breadth (or nearly) of 
the groove C D, and ol a depth leqs than the depth of the groove 
CD. Those sides of tbein which apply to each other are to be 
sroDDd together pisia,' and air-tight if possible. Their under «ur- 
w;es, which are shown, in Pig. 1^ are to be flat, so thKt the whole 
may . form one complete plain snrface, excepting tbe space tiefbre 
mentioned, which is taken up by adjusting screws or springs I^, 
which screws or springs are placed ao far bmw tbe aorface as to let 
a roller pass by them, which will be mentioned hereafter. 

" Fig. 2 represents a vertical Bection »f the plate and grooves of 
Fig. 1, resting npon a circular cliamber or hollow space Y ¥> to which 
chamber tbe said plate forms a light covering, excepting that epace 
occnpied bv springs or screws LL, as bdore mentioned. I th« 
centre of alt the grooves and drcles before described, is also the 
centre of the shaft. On the shaft I is fastened a plate or codpltng 
Z, in which is inserted a bar F : this bar may be of anjr gins 
breadth, hot in 4epth mnit be less than the depth to which th« 
circle E B was cnt bdOw ttie snrface A B j to this bar is attached a 
.wheel or roller G, shown in Ffg. S, upon a larger scale, Tbe manner 
in which it is attached to the oar F is also there seen, and it » a» 
attached to it that the top of the wheel or roller G shall always bq 
higher than tbe top of the bar^F. Tbe wbe^ G, brin^ attsdiod to 
the bar P, will, when the bar is m&de to revolv6, descnbe a circnlar 



STEAM SmilNB. 



3 


Hi 




■*« 


p 




LlJI^M 




'^HH 


^ 


^n 


i' 


JM^^m'^ 'mV 




1 1 ^f^^^^^^^ 


1 



path H H H along tlie plain surface of tlie segments, before described. 
Let that portion of tlie plain surface of eacli aegincDt which aiiswerB 
M the path of the roller G be louuded oflF, in such a uaniier as to 
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inake tbai portion of the surface an arc of a circle^ the convex iAf" 
cnmference of which is presented to the roller G. In Fig.3> at H, 
is shown a perpendieular view of one of the segments, ronnded off 
in the manner describedj mid prcseptin^ ita sjpnvex circamference to 
the roller G . There may ^ likewisej ^ |inotlier roller attached to the 
]^r behind It, to lower d<^WB the tennients in the same manner in 
which they are raised by tl|e f^% roller, Now it is obvioas, all the 
iaid segments being in their places |n ^ gmiiye CD, Fig. 1, that 
the roller G, in performing a rerolotion round the centre l, nnst 
travel along a series of convex arcs of circles, equal in number to the 
number of segments in the groove C D. llie groove D £ is, in fact, 
a recess in the deeper groove C Dg and may, if necessary, be filled 
with hemp or tallow, or lUiy othof material which may answer the 
purpose intended. 

^' It must be rememb^^ tln^ Wig* I is a view Qf the underside of 
the machinery. Fig, % is a ««Sli^ of It, supp^td to be in its proper 
position, resting a^ a cover to thi; oircnlfur iphanber Y Y» Ai\^ ^® 
segments resting upon a flat facing O O, £9^ segment firejects 
over the facing O Q qh both sides 1 their projection on one side 
completes tfcn eover fver the hoUow Q^umt^fi wnd the other-is the 
ronnded snrAice fpr the roller to Hit thesi, The fftdiig O is exactly 
or as nearly as ean be, leyel wttb the undfarside of llie plate A B AB, 
when the plate (s qh |t« phce^ m f^pr9«i«lltod I9 Fig. 2> so that 
when the segments are id) in Iheir plneeii th^y complete the semi- 
circular chamber, and hi so close OQ' their seats and in the groove, 
that were the chamber to (m ^Ui^ with ^ny ilaaHc fluid, they would 
prevent its escape, or pearlyi e!(eq>tlpg wherf the space is left for 
the springs or adju$^ff screwff T%^ vs^ of the«e' segments, wMeh 
mre what the patentee ^0im9 00 kh invenihm, is as fallows : conceive 
a door or valve to be fitted in the hollow chaanh^r M Q, and a piston 
R, likewise fitted in |he chawb^ sp as to mov^ round in it, and the 
bar F made fast to the piston, on thi» side Mid in the manner repre- 
sented in Fig. 1 ; then, if an ek^tie fluid of s^flldofat strength enters 
the chamber at N, it wiU press equally a^faipst 'the door or valve, 
and the piston 3 but the door or valve bein^ immoveable, and the 
piston moveable, the piston will be propelled forward in the circular 
chamber by the elastic fluid . Th^ \m F b^ing fastened to the piston , 
i|nd the roller G to the bar F, !n tft Bsanner represented in Fig. 3, 
and the roller being in motion with the bar and piston, the roller 
will lift the segments in succession, as it comes in contact with them. 
The segments before the bar, beipff by this meniib lifted, allow the 
bar to pass, and the operation being the same in all, the bar and 
piston make a complete revolution. Each segment, ai soon as the 
bar leaves it, falls down by its own gravity, or by springs, or any 
other contrivance, so that the opeuiuff which is made for the bar to 
pass is closed bdbre the elastic fluid reaches it ; the elastic fluid 
being kept from the opening by the inner breadthof the piston ex« 
ceeding the outejc diameter of each segment. The door or yat;re i9 
lifted out of the way of th/s piston, when the piston conges in coati^t. 
with it, into the opening in the plate at N, a r^ces^ being mad^ in . 
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mUr temeat vhfdi is 0ppDsUe tkfl diwr for llMt ptirp«M} tlwiqg 
^whicbtiifM'tbtelMiticfliuiIU BliQtpHt, but it utfln ^wn wbM Aa 
^oMT rrtanw to ita ««at, und tktu tb« opentioB conliiiDM, 

*' Infirm 9 Cip the G^.i)M»iDgreHd. atiMurpainp. d tlwaip 
-pupittHKketa, rftbolMtvitaaitffin. •tiwciUdL //. tb« iMOiacd 
pUu for tvorking the air pun bwket* U buttMd itt tl» tluilfe, ami 



^oMT rrtanw to ita «oat, «nd tktu tb« opentioB conliiiDM, 

" In Rf,* C ia the i*n.dKw' 
-piipp twcksta, rf the bat vata 1 
plaaa for t*orluiig the air pU4> 

cMtfcqneBUy tcvoItds wilh it. Ta d« ait |Mmb|I!' bidnt i« attaelwd 
a IwJLdw tabe ibrongli wliicb tiie aliBft goaa. T»l)ua taba 1* bat^M^ 
acTQM bar, at each end 0( whtdi ii a loUer r, restiiig npoK the iqr 
eUnwljiJaiwt of ooaraewlien tbaplanereraitta the bucket *iMaa«4 
Mh,^ The plain is divided into two different auglea, sQasbtinaln 
it p«qre aeate inhne the bucket riaea, but nearly an angle of 46° wharf 
te bacfcet deicenda, aa repreaented in the drawing. The Injactim 
enters the groove above the blocks, and keeps ahont tkras inchiN 
W water Dpoa tlmm : tlia injeotion then eaters Iba coadenaier Mt of 
the groove, as seen at X. EBch.iegnientorbh>di, K, is of sufficient 
weight to resiat the preasore against that part of their nnder anrface 
which is over the semi-circnlar chamber, and will generally beaboot 
fire-dghths of an iacb. ^\n blocks may be likewise lifted exactly 
in thnr centre of gravity by nieans of n itnt in the upper part of the 
> groove, and worked by a roUer or aoiall ii^Bipd plane fastened to 
tbe shaft, aa represented by tfan d<Atcd Unea } and aa,it is not necei- 
lary for the blocks to nseaMifl than lidf all inch OcfiTa-eighths, the - 
Motion will ba vfry aasy } and whatenc dcacoubi^ Po<>'^ *h^ blocks 
have, they will propel the bar forwards pn^rtioitM'ta their weight 
and tlie space through which iheyinoTe, so tkaC tt^ is only the 
friction of the blocks to overcome. Sapposing tha ptemUK. on the 
piston to be 60O Ibi. the weiglit of all the bloas wu) be abuit 500 
lbs. for sDcb a sized pistoo, and will seldom exceed BOn lor the 
hrgeat engines, us the space for th« bar to pass wilt be Beady the 
same ia all, the strcogtli of the bar d«pen4'"S "P"^ ^ brtadth< not 
on itd thickness : thue, 800 lbs. will Buve tiiroi^ t&e spaceof 16 
feet, whilst &00 lbs, g6 through the space of. half an indt: then, if 
the descesdi^g of the blocks is taken into eouiderataiKi, as before 
described, the faction of tlie blocks wilt ntaks BO saawUe ^erencc 
to the progress of the piston, fthe^d U being tifs only opening 
into the engine, and the only stj^ffingytms, and that cturered with 
water, no ur can enter but what ia contained hf the niafer used for 
injection."* 

It is oar opiifiw ttat this patent would nevsr have existed ha<t 
Mr. CIcEg been BC4iiautfad wiuk tiw ef^s of steam acting oa a levcE 
BB explained at page 4S. It la tbere shown that no increase of effect 
is gained by increasing the length of the lever ) for althoDgh steam of 
a given preasnre aicta on a lever of two feet from the fnlcnw with twice 
the eSiect it dpes on a lever of one fool, yet it is appar^at that the 
Gonsumpti|OB of steam is also d«nbled, and, therefore, that the power 
ia as the sta^ co^isnqied. Thongh it is presumed that ^lis fact is. 
too well kitova t^ oeed mivote explanation, yet it is necessary tuyif 

'. • 8»od*»a»im.«f PlrtsaL 
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to raeBtloa It* Biiwefliere can -belittle doabtbnt that if Mr. Cleg^ 
had becB aware of it, he never woaid have made use of those s^- 
meitts which al<me eonstitiite his patent; tbepnrpoee of sachdes-' 
lbentsbidng(asliu been explained) t6obtalBtheefeGt«rtbe«tea&ii|i' 
«'dhMlMl at aome dlstarfce firoU the centre' orilMti&if,^ Vritb&it lil^ii^ 
Use <^ the interior eytbidei' 'or plat«, Djsed In' moat of iaeh «ii^im. -" 
' No advattt^, tbet^fore, ariBca from the nse of these segmeotay 
ktf, An the contrary, the extreme nicety of their fitting ia a cob- 
smndrie drawback; aAd weappreheDd nbo, that tliey we«U «o<»» 
bMonn dcnnged, and Bolfer the steam to eteapet Bat ^eisioafr ' 
objectiwiable part' ia the valte which has to be atnick vat o(' Us 
place> wtiitet the piston is travelling at its fall apeedj indeed, fbero 
.caiv be little doubt bat that the n^d deatroetitRi of this valve waa 
(hecnnae of ikilure. 

Mr, WilliBm Chapman's Rotative Engine, patented 1810, is 
represented by the accompanying drawing. 




A represents a drum, packed on ita two ends, and revolving 
within an exterior cylinder G C, so that a channel is formed between 
the two cylinders, in which the steam- acta upon the flaps PO. lU 
a cavitv filled with hemp, which effectually stops up the passage or 
cliannel ; an adjusting screw K tightens up the piacking as it wears ; 
D is the steam pipe, and B the escape pipe. The steam tieing intro- 
duced at D presses upon the Wt« or axp'B, Which recedes from the 



STEAM ENGINE. 



ir7i 



preaBure, until tlie valve G having reached the roller H, is shut into 
the cavity L, nnd passes under the stop I. As aoon as it lius cleared 
the stop, a pin on the ootside strikes a lever attached to the spindle 
on which the Hap is hung, opening it ont again as before, so that it 
fills up the passage and receives the action of the steam, allowing F 
to be shut at the proper place, without interrupting the revolutinu of 
the axle. More explanation is unnecessnry, as the drawing fully 
flhows the plan. 

An engine on this principle was tried at the iron works of Messrs. 
Hawks & Co. Gateshead, but so great was the noise made by the 
flap* striking the roller, that many of the workmen who heard it 
imagined the sounds to proceed from a tilt hammer. It was also 
found impossible to keep it steam tight, by the greatest attention to 
the packiug. Another engine of larger dimensions was also tried on 
the Tyne, but finally abandoned for the same reasons. 

Mr. Ricliard Witty, of Hull, procured a patent in 1810, for an 
engine, the revolution of which was elTcctcd by weights being alter- 
nately drawn to and driven from a centre, round which a working 
cylinder or cylinders revolved, there being attached to the piston rod 
or rods a number of weights. These weights were drawn as near 
as possible to the centre on the ascending side, and are projected 
outwards on the descending side as far as possible from the axis. 

In the following year Mr. Witty took out a second patent for 
improvements on the former plan, which improvements consisted in 
making the piston draw or force roaud the machinery, whilst itself 
moved both in a rectilinear and rotatory motion in a cylinder; which 
revolved upon an axis. The inechauical contrivances by which this 
was effected were of various kinds, which caused the power of the 
piston to draw or force the cylinder round. We here give those 
which we conceive to be most deserving of notice. 

A, Fig. 1, is the cylinder, shorter and wider than fixed cylinders, 
with its piston B, the rod of which works air-tight, through tlie 
stuiling boxes a a, at each end of the cylinder, with a provision at 
w to Wow the air and water at starting when required. The axis 
or shaft, C C, is fastened at right angles to the cylinder, with screw 
holts through flanch it. In the axis are cast or bored two ducts or 
channels, ef, of sufficient capacity to admit steam to supply the 
cylinder. The ends of these ducts are securely plugged up. The 
side pipes, A and g-, are joined to the sides of the axis, and com- 
municate separately with the ducts, ef, in such a manner that the 
pipe h shall communicate with the duct e, and the pipe g with the 
duct/ The other ends of these pipes are joined to the ends of the 
cylinder, D D is the concentric collar, through which the taper 
part of the axis works sir-tight ; to this collar are screwed the steam 
pipe E aud eduction pipe F; the former leading from the boiler, and 
the latter to the condenser and the exhausting pump. The two 
holes in the collar, where the two pipes are joined, are made in the 
form of a parallelogram, so that when the cylinder, side pipes, and 
shaft, turn round throagb the collar D D, the communicBtions be- 
twixt the boiler and cylinder, and the cylinder and condenser, will 
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be open alternately during half the revolution^ and each Bide Qf t|ie 
piston will be. open, or exposed alternately to the steam and the 
condenser. 

Fig^ d represents what is called the cardinal motion, attached 
to th^ engine, (t consists of a parallelogram, frame, or trammel 
groove, joined to the piston rod by the two triangles MM, MM. 
The two friction wheels, N N, nre'hung betwixt the ends pf these 
triangles, and the piston- rod and rim betwixt tiiie side joints oooo^ 
cast. or screwed upon the covers of the cylinder. At the distan(;e of 
half the stroke of the piston from the centre of the cylinder shaft is 
fixed a strong stud orpin, having a strong knee crank, at. right 
angles .from it, to support the gudgeon end of the cylinder shaft at S. 
On the round part of this stud runs a wheel P, filling thq trammel 
groove, and the square is driven tight into another piece of qist-iroQ, 
and keyed fast, and this is bolted down to a beam of wood, as at I(« 
Fig. 3. When the steam is admitted under the piston the. trammel 
groove moves with the piston rod, and is turned from a rectilinear to 
a rotary direction by the stud P, resisting on one side of the tramme), 
and causes the cylinder to revolve towards the stud, and . as it rei- 
Valves the groove comes perpendicular, or at right angles^ to the 
sltoatioq in which it is seen in the figure, the cylinder lays horizontal, 
the piston is at the extremity of its stroke, and the alternations, of 
the steam take place at that instant. in the axis. . In this positioi| 
the engine may be said to be passing centres, similar to that of i| 
beam engine, when passing the vertical position of the crank; and 
thus a continued revolving of the cylinder is effectedi while its pistOA 
describes a circle, the diameter of which is half the length of tb^ 
stroke. . ., 

Fig..3 is a contrivance for applying the force of tlie piston «p6n 
a wheel R, or crank,, which revolves upon a separate axis at W, 
placed half the length of the stroke of the piston from the centre of 
the cylinder shaft A, which is supported by a knee from or throogh 
the centre of the wheel, similar to the contrivance for supporting de 
gudgeon or cylinder. Fig. ^. The diameter of the wheel is made 
equal to the length of the piston rod ; and has its rim made to inclint 
or project, in order that the piston rod may lay hold of it alternately 
at ^e stops ^y. 

On inspecting the first invention, namely, the method of obtaining 
a revolving motion by the projection of weights, it ^)pear8 to us that 
Mr. Witty has quite mistaken the object which engineers have had 
in view in their attempts to obtain a rotative engine. It will by 
this time be seen that the object was principally to avoid the waste 
of effect by giving motion to a mass of matter, and bringing it to 
rest at each movement of the piston of a steam engine. It will also 
be seen that these weights (the particular position of which consti- 
tirtes the power of Mr, Witty's engine) have to be moved and brought 
itXo rest, exactly in the same manner as those parts of a steam engine 
whose motion cknses the inconvenience complained of. > The sam^ 
objection, therefore, applies to his in a tenfold dcjgree, for the com* 
mom engine' has only to overcome the inerl^se of such a quantity of 

u 
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material as may be necessary for sufficient strength ^ but here the 
power being as the weight, the inconvenience sustained by recipro- 
cation in engines of large powers will be readily conceived. 

Mr. Witty* 8 improved method, in which he dispenses with the 
weights, displays considerable ingenuity. It cannot, however^ be 
properly called a rotative engine, because the steam does not act 
upon piston, vane, or any thing whose motion is rotative : his inven- 
tion is merely a new way of applying the action of a common piston. 
The best mode, therefore, of appreciating its merit is by comparing 
it to a cranked engiue, and in doing this we shall endeavour to show 
its inferiority. 

The patentee states its advantages to consist in saving power 
lost by reciprocation, and in dispensing with a fly wheel. To iiie 
first it may be said, that although the beam and some of its appen- 
dages are not necessary, yet the increase of the friction by th^ use 
of a grooved frame; the danger of bending the piston rod by itft 
oblique application in forcing round the engine, are greater iACon- 
Veniences than those attendant on a beam; to this it may be ^dded^ 
that, when a crank is used, there are two points where the crank; 
receives' its impulse at rijght angles' to the direction of the force> and 
is impelled in the same line with the piston, which is of course the 
most advantageous application of its power; but in no part of the 
revolution of this engine, in any of its modifications, does the impidsa 
come much nearer the direction of the produced motion than an an||^k 
of 4^5*^. 

Nor do we think (hat a fly wheel can be dispensed with. It 
being quite evident that the different degrees in the obliquity of its 
direction must render a fly wheel absolutely necessary to produoe ai| 
' equable motion. 

On this principle is the Revolving Engine of Mr. Samuel Morey^ 
now nsed'in several American steam boats. As there is considerebi€| 
iioreltv in the mode of generating the steam we apprehend its inser- 
tloii will not be considered unnecessary. 

m a a are the steam boilers ; b b the tar vessels, to be afterwards 
described ; c the valve box ; c? c? the two revolving cylinders, shown 
in different positions ; e e the piston rods j f the ' pitman* ; h th^ 
centre piece ; t i the shaft ; k k the valves ; fl the steam pipes; m m 
the escape pipes ; » a the condensers ; v v the face of the valves^ 
shown ito separate figures ; jr the tar fire. 

The frame, which holds the cylinders d d^ is suspended- by ila 
opposite sides so as to revolve. The centre piece A' acting as a 
d^nk, is 'fixed to the end of the shaft t, projecting, over the cylipder. 
and from this centre piece the bar or pitman f communicates witib 
the* cl<os^ piece of the pistonfTodi Two circular pieces or valves #;| 
one 6f brass and th6 other of iron, are placed on tne same axis t« But 
on thci outktide'of the frame'; one oftbeiii being fixed to the 9^9 
and the other accompanying' the frauie and c^^lnder in theijr r^yo-: 
Intion. From this last Valte proceed the pipes'//, which condiict 
the steam to each end of the cylindieii'. . The t^alve Uias a sinoqtb vsitf^m 
which is kept cliose by springs €<^ €h(i fke6 6f thcf other y^^t, yF^w]^ 




is fixed hi the shall, 7'lic steam is conveyed from the boilers tlirougb 
the Outer valve into the nioviiii; valve, and from the opposite sidi- of 
the outer valve proceeds the eduction pipes, which lead to tiie con- 
densers. 

These condensers are upriglit vessels, tivn of which belong to 
each cylinder ; they are cotinected at top by a sli'liog vslve box, by 
which the steam is made to enter them alternately. They have two 
valves at the bottom, tvhicb are kept closed by weights. A stream 
of water is injected into the condensers which escapes by the bottom 
Valves p p, by whicli, also, the air is bloivn oat at every stroke ; in 
this manner the engine is at first deared of air. 

In order to give a reversed motion lo the eogiae, two cocks not) 
cross pipes are employed, for the purpose of chatt^Bg the paseoge of 
the steam to the opposite sides of the valves. 

When the engine is thus constrocted, the steaui iidmitted 
Mow Um piston by the lower pipe /, forces up the piston rod e, end 
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the croM piece at its upper extremity. This crosspiece carrying 
along witli it, the bar/^ acts apon the crank h, which thus gives a 
rotatory motion to the shaft t i, and of coarse to the cylinders and 
frames 3 the shaft t by means of a pinion drives the axis of the 
water-wheel. 

With the view of saving fael> this engine has the Ga» Fire 
applied to it in the following manner : The bdilers being cylindrical 
with an inside Aue for fuel, two or three are placed close tc^ether, 
and set in the following manner ; first, cross bars of iron are laid ob 
the timbers ; a platform of sheet iron is laid on these bars, coated 
. over with clay, mortar, or cement to keep out the air. Upon the 
sheet iron, and over the bars below, are placed cast iron blocks, in 
shape to fit the curve of the boiler, so as to raise it three or fonr 
inches above the platform. The sheet iron is continued up the out- 
sides of the outer boilers so as to enclose them 5 and at one end> 
between the boilers, there are small grates for coal or other fuel. 

The tar ressel or vessels are lodged in the space between, nnd 
upon the boilers, and a small fire may be made under them if neces- 
sary. A pipe leads steam in at one end, two pipes at the other ; 
one near the bottom, one near the top, lead ont the tar and steam • 
These pipes unite below ; the stcQm and tar thus mingled, in suitable 
proportions, flow to the plain fire or the flues of the boilers, as well 
as to the coal fire below, where the gas and tar are ignited. The 
fireman judges of the proportions of each by the effect ; the object 
being to produce a nearly white, flame, without appearance of tar. 
Thus flame is applied to the greatest possible surface, -and the appa- 
ratus adds very little cost to the engine. 

Mr. Morey has also made two other improvements in the boiler. 
The first of these consists in lining or covering the flue within with 
sheet iron or copper, perforated with small holes, reaching down its 
sides nearly to the bottom. By this contrivance the water is made 
to circulate rapidly between the flue and the lining, up to the top of 
the flue, and thus protects it from being run dr}% or heated red not, 
when the water gets by accident too low* In consequence of this 
circulation, the lining causes the steam to form much faster. 

The other improvement consists in an interior boiler or. vessel, 
occupying the back part of the flue, and communicating downwards 
With the water, and upwards. 

Several engines of Mr. Morey 's construction have, been erected. 
The Hartford steam boat, 77 feet long, 21 feet wide, and 136 tons, 
is propelled by one of them. In tlus vessel, the engine with its 
boiler occupies a space of 16 feet by 12» or one-eighth part only of 
the boat ; the cylinders being hung in the timbers of the deck; over 
the boilers. The two cylinders are I7 inches each in diameter, and 
have a stroke of 18 inches, and revolves 50 times in a minute. The 
area of the piston being about 227 inches, it will, when worked 
with steam of 50 lbs. have the power of 100 horses. 

The Rotative Engine of Mr. Onions, of Bristol, patented 1812, 
differs essentially from all we have described. The invention'oon- 
•Ists of 9XL annolvs or hollow ring connected by h<^w arnui, with 
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B revoWiog shaft also lioUow. The stenii) is aduitled at one end of 
this shaft, passes throagli one of the arnm, aod thereby gets into the 
rim in which are valves so placed as to prevent the ateam from acting 
in more than one dircctioo. The annulns id nearly half hlled with a 
metallic alloy composed of eight parts of bismuth, hTeoflead, and 
one of quicksilver. The property of this alloy is, that although solid 
at the commoa temperature of the atmosphere, it hecomes fluid in 
boiling ivater or steam. The steam, therefore, whe.n introduced into 
the wheel after first fusing the alloy, forces it up on one side of the 
wheel, (hereby making it heavier than the other : the metal, in at- 
tempting to regain its equilibrium, causes the wheel to revolve; and 
the supply of steam being continued the revolution is kept up. For 
a more perfect comprehension of Ihis machine our readers may inspect 
the drawing we have given of Watt's Rotative Engine, at page 46, 
where the operation of the valves, and entraucc and escape of Ihe 
steam, are effected in a somewhat similar manner, The machines in 
fact will be nearly the same, if we suppose Mr, Watt's weight to he 
a fluid instead of a solid one, 

A singular mishap befel this machine on its first trial. It is 
a property of bismuth that, like water, it expands as it crystallizes 
or becomes solid, so that, on the morning sncceeding its Irial, the 
engine was found broken or rather hurst into small fragments, owing 
to the expansion of the alloy. This reanit, therefore, proved that in 
order to preserve the engine, it was necessary either to keep it con- 
stantly hot, or to remove the metal before it became solid; either of 
which woald be a sufficient objection to its adoption. But there are 
besides, other difficulties to contend with in this kind of engine, 
which wc shall notice in our remarks on Masterman's Steam Wheel. 
A short description of Trevithick's Loco-motive Engine was 
given at page 110. It appears that the more geueral adoption of this 
machine was prevented by a fear that the wheels would not adhere 
sufficiently to the surface over which it passed, bnt that they would 
slip round without producing loco-motion when any tolerable load 
was attached to the machine. To obviate this imagined difficulty 
Mr. Blenkinsop, of Middlelou Colliery, near Leeds, obtained a patent 
in 1811, for the application of a rack or toothed rail laid down on 
one side of the railway from end to eud. Into this rack a toothed 
wheel is worked by the steam engine: the revolulion of which wheel 
produces the necessary motion without any of the tUpping alluded to. 
The accompanying hgure vrill convey to our readers an idea of 
Mr. Blenkiosop's plan. The boiler .r is placed on a wooden or cast- 
iron frame y. Through its interior passes a wrought-iron tube of 
sufficient diameter to hold the fire and grate; this tube is earned out 
at the further end of the boiler, when it is bent upwards and con- 
tinued sufficiently high to form the chimney s. a a are two working 
cylinders fixed in the boiler, and which work in the usual way; the 
piston rods are connected by cross heads to the connecting rods b b. 
These connecting rods are brought down on each side of the boiler 
and there joined to the cranks cc, (there being corresponding cranks 
on the other side of the macbinc) which are placed at right angles lo 
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eaclt otber, conseqneiitly the two cranks od the first shaft are horE- 
soDtal Eind at their greatest power, at the time the oclier tf^ are 
{laisiiig the centre. Upon these ahafla are fixed (under the boiler) 
two atnatl toothed wheels, which give niotioa to a larger toothed 
wheel e, fixed upon a third asle. A toothed wheel, /, la firmly 
Iceyed to the end of the central axle, and rerolres with the whbd>. 
The teeth of /■correspond with, and work into a rack, RR, stretcbeff 
along one side oF the railway. Motion, therefore, U g^reii Itjr At; 
plttons to' the wheels (ftl, which they eodinmnicate to tMwb«el/'l>y 
«.' a progreaalve movement is given to the carriage hy tlie teeth <rif / 
taking hold of the rack. 

By this meaDs the load Can be draWli np a greater accliv!t]^ tliail 
by the machine of Measrs. Trevitlick and ViViart, the only ot>}ectian 
being that the power is applied oA one side only, which most Hkv'e a 
tendency to force the flaiigi^s of projectliig rima of the MpportiUg 
tt^eels, against the edges of the rails, by which an extra mrthifl 
WOnld 'be produced, 'nis, hofrever, is a trifling inconvebietlcii, BiJA 
1ft not fonnd in practice 10 didoctmDchfVom tbeeffect (rf the «ti^(itj 
iev era> of which have, since the date of the patent, b^ii in CiiSi/tiM 
ue in drawing coal waggons between MiddlctOD CbRiery Md Lajfljl; 
Iti the yiar »81S ifr. Wn;«n Btti«ton, of Btttberty WiMi WWItt, 
' ikfab obtained a patent fot a au)fl«'of g^vltig ibotioh tt) cUWii^ t^ ft 
very bonl Mbtflvauce. 
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The present engraviDg represents this Loco- motive Engine, which 
he terras liis " mechanical traveler." " The boiler is nearly similar 
to that of Mr. Blenliinsop's semi 'Circular fctrcularj ; there was a 
tobe passing through it to contain the (nel." The cylinder A was 
placed on one side of the holler j the plstou-rod is projected out 
behind horizontally, and is attached to the leg a b, at a, and to the 
reciprocating lever a c, which is fixed ate,- at the lower oKlremity 
of the leg ad, feet are attached byajoiot at i; these feet lay aArmer 
bold upon the ground, being furnished tvith short prongs, which 
prevent them from slipping, and are sulBciently broad to prevent 
their injnring the road. 




( 



On inspecting the drawing it iTill be seen thst when the piston 
rod is projected out from the cylinder, it will tend ta posh the end 
of the lever or leg a from it, in a direction parallel to the line of the 
cytioder ; but ae the teg a A is prevented from moving backwards, by 
toe end b being tirmly B^ted upoD the ground, the re-actlon is thrown 
Upon the carriage, and a progressive motion given to it, and this will 
be coalinued to the end of the stroke. Upon the rceiprocating line 
ac is fixed at 1, a rod, 1, 2, 3, sliding horizontally backwards and 
forwards upon the top of the boiler -, from 3 to 3 it is furnished with 
t«eth, which work into a cog wheel, lying horiaotitally ; on the oppo- 
site side of this cog-wheel a sliding rack is fixed, similar to 1,^,3 
which, as the cog wheel is tunied'round by the sliding rack, 3, 3 ia 
also moved backwards and forwards. The end of this sliding rod is 
fixed upon the reciprocating lever dc, of the leg dtt, at 4. When, 
therefore, the sliding rack is inoved forward* in the direction 3, S, 1, 
by the progressive motion of the engine, the opposite rod 4, is moved 
in the contrary direction, und the iegde ia thereby drawn towards 
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the engine j and> when the piston rod is at the farthest extremity of 
the stroke, the leg de will be brought close to the engine; the piston 
is then made to return in the opposite direction, moving with it the 
leg dbf and also the sliding rack 1>S, 3 ; the sliding rack acting on 
Ihe toothed wheel, causes the other sliding rod to move in the con- 
trary direction, and with it the leg de. Whenever, therefore, the 
piston is at the extremity of the stroke, and one of the legs is no 
loDger of use to propel the engine forward, the other, immediately 
on the motion of the piston being changed, is ready in its turn, to 
act as a fulcrum or abutment for the action of the moving power, to 
secure the continual progressive motion of the engine. 

^ The feet are raised from the ground during the return of the legs 
towards the engine, by straps of leather or rope fastened to the legs 
at/y^ passing over friction sheeves, moveable in one direction only^ 
by a ratchet and catch worked by the motion of the euffine . The feet 
are described of various forms in the specification, the great objeet 
being to prevent them from injnring the load, and to obtain a firm 
footing, that no jerks should take place at the return of the stroke, 
when the action of the engine came upon them ; for tins purpose they 
were made broad, with short spikes to lay hold of the ground.* 

The next attempt we find to produce a loco-motive steam engine 
is in the patent of Messrs. Dodd and Stephenson, of Newcastle upon 
Tyne, a description of which we extract from Mr. Wood's work on 
rail roads. The patent was dated Febrnftry 28, 1815, and consisted 
of the application of a pin upon one of the spokes of the wheels that 
supported the engine, b^ wliich it travelled upon the rail road, the 
lower end of the connecting rod being attached to it by what is termed 
a ball and socket joint ; the other end of the connecting rod being 
attached to the cross-beam, worked up and down by the piston, 

a b represents the connecting rod, the end a attached to the cross 
beam, and the end b to one of -the spokes of the wheel.; in like 
manner the end d of the connecting rod c d, is attached to the beam 
of the other piston, and k and c to a pin fixed in the spokes of the 
wheel B. By these means, the reciprocating motion of the piston 
and connecting rod is converted by the pin upon the spokes acting 
as a crank into a rotatory motion, aifd the continuation of this motion 
secured by the one pin or crank being kept at right angles to the 
other, as shewn in the drawing. ) 

To effect this, the patentees had two methods to crank the axle 
on which each of the wheels were fixed, with a connecting rod 
between, to keep them always at the angle, with respect ta each 
other ; or to use a peculiar sort of endless chain, passing^ over a 
toothed wheel on each axle. This endless chain which is now solelT 
used upon these kind of engines, consisted at first of one broad and 
two narrow links, alternately fastened U^ether at the ends with 
bolts -J the two narrow links were always on the outside of the broad 
link 'y consequently, the distance they were separated laterally wovld 
be equal to the breadth of the broad link, which was generally about 
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two inclie's, iunl tbdr length three laches. The periphery of the 
wheels fised upon the h\1cs of the engine, were fnrnisbed with cogs, 
projecting from the rim of the wheels, {otherwise perfectly circular 
and flat) about an inch or one and a half inches. When the wheel 
turoed round, these projecting coga entered between the two narrow 
links, having a hroad link between every two cogs, resting on the 
riiD of the wheel } these togs, or projections, caused the chain to 
move Touud with the wheel, and completely prevented it from slipping 
roond upon the rim. When, therefore, this chain was laid upon the 
two toothed wheels, one wheel conid not l>c moved ronnd without 
tiie other moving round at the same time with it j and thus secured 
the proper angles to the two cranks. 

This mode of communicating the action of the engine, from one 
wheel to another, is shewn in the drawing ; the wheels A and B 
having each projecting cog wheels, round which the endless chain 
passes. This contrivance entirely superseded the use of the cog 
wheels, and were without the jolts or jerks incident to them ; for, 
when the chain got worn by frequent use, or was stretched, so as 
to become too long, one of the chains of the asles could be moved 
back to tighten it again, until a link could be taken out, when the 
chain was moved back again (o its former sitDation. 
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It will be seen from this description that Messrs. Dodd and Co'n 
improvement consisted, therefore, of a renovation of Trevethick's 
plan of propulsion by the mere friction produced by the contact of 
the wheel and rail. The only material difference between the two 
plans being in the asing of two cylinders instead of one, and in the 
method of connecting the axles so as to cause the cranks to continue 
working at right angles to each other. The purpose of this it will be 
understood was, that when the ope crank was what we call passing 
the centre the other was at its greatest power, and consequently aided 
the former in its revolution, when for want of a fly wheel it would 
have to stop in that situation. It would appear however that this 
plan was found insufficient to produce a proper effect, for we find 
that Mr. Stephenson in conjunction with Mr. Losh procured a second 
patent in 1810, for some improvements upon it. These improve- 
ments consisted in the application of steam cylinders placed under 
the boiler and upon the axles of the wheels : into which were inserted 
pistons, the rods of which were attached to bearings wherein the 
axles worked. These pistons being acted' upon by the steam in the 
boiler, performed the part of springs and served the double purpose 
of keeping all the wheels pressed upon the rails when owing to any 
undulations, there would otherwise have been a tendency in the 
carriage to have rested only on three, or perhaps in some instances 
on but two of the wheels, and of preventing any material injury to 
the machinery by jolts. The drawing which we use for explanation 
is the same as Dodd and Co*6, and shews six wheels, but by trial 
it has been found that four were quite sufficient. 

The patentees state that : — ^'- in what relates to the loco- motive 
engines, our invention consists in sustaining the weight, or a pro- 
portion of the weight of the engine upon pistons, moveable within 
cylinders, into which the steam or water of the boiler is allowed to 
enter, in order to press upon such pistons $ and which pistons are, 
by the intervention of certain levers and connecting rods, or by any 
other effective contrivance, made to bear upon the axles of the 
wheels of the carriage, upon which the engine rests. 

e e e shew the cylinders placed within the boiler, one side of 
which, in the drawing, is supposed to be removed, to expose them 
to view. They are screwed by flanges to one side of the boiler, and 
project within it a few inches; and are open at the top, to the 
steam or water in the boiler; ggg«^^ solid pistons, filling the 
interior of the cylinders, and packed in the common way to render 
them steam-tight. The cylinders in the figure are drawn as cut 
through the middle to shew the pistons. The cylinder is, also, 
open^ at the bottom, and is screwed upon the frame of the engine, 
as represented at a a. Fig. 2. The pistons are furnished with a rod, 
in a similar way to other pistons, inverted and securely fixed to it ; 
the lower end of which passes through a hole in the frame which 
supports the engiae, snd presses upon the chain which rests on the 
axis of the wheels on which the carriage moves. The chain has 
liberty to move up and down with the piston rod. When, therefore, 
the steam presses upon the piston^ the weight is transmitted to the 
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axlu by the piston rod, and the renction of that preSBOre takes ai 
niucli weight o£f the engine. If, therefore, the cylinders are of 
sufficient rirea, bo th»t the pressure of the steam upon the whole of 
the pistona is equal to the weight of the engine, the engine will be 
lifted up, as it were, or entirely supported by the steam, which thus 
forms a kind of spring of the nicest elasticity.* 

These toco-motive engines have been long inuae at Killin^worth 
colliery, near NewcBHile, and at Hetton Colliery, on the Wear, bo 
thut their advantages anti defects have been sufficiently siihmittett to 
the test of expcriDientj and it appears that, notwithstanding the great 
exertions on the p»rt of the inventor, Mr. Stephenson, to bring them 
into use on the difTerctit rail-roads dow either constructing or in agi- 
tation, it has been the opinion of several able engineers, that they do 
not possess those advantages which the inventor had anticipated i 
indeed, there cannot be a better proof of the donbt entertained re- 
garding their utility than the fact, that it has been dclermined that 
no loco-motive engines shall be used in the projected rait road between 
Newcastle and Carlisle, since, had their advantages been very ap- 
parent, the persons living iniinediately on the spot in which they are 
used, namely, Newcastle, would have been acquainted with them. 

The principal objections appear to be the difficulty of snrmounting 
even the slightest ascent ; for it hail been found that a rise of only 
one-eighth of an inch in a yard, or 18 feet in a mite, retards the 
speed of one of these engines in a very great degree, so much so, 
indeed, that it has been considered necessary, in some |)Hrta where 
they are used, to aid their ascent with their toad by fixed engines, 
which drag them forward by means of ropes coiling round a drum. 
The steam cylinders below the boiler, which conitituled the patent, 
were foond very defective, for. in the ascending stroke of the 
working piston tliey were forced inwards by the connecting rod 
pulling at the wheel in turning itr onnd, and in the descending 
stroke the same pistons were forced as much ontwards ; this 
motion or play rendered it necessary either to increase the length 
of the working cylinders as much as there was play in the tower 
ones, or to incur the danger of breaking or seriously injuring the 
top and bottom of the former by the striking of the piston, when it 
ia forced too much up or down. As our meaning may not be fully 
comprehended without chicid at ion, let ns imagine the cylinder of a 
common beam engine to be set upon springs, which have a play of 
one foot : the weight of tlie cylinder, when at rest, depresses the 
spring six inches, but if the engine be put in motion, lAea as the 
piston ascends and gives motion to the machinery, the springs below 
the cylinder being, as it were, the abutment upon which the steam 
acts, are forced downwards against their seat, with precisely the forct 
that the piston exerts in overcoming the resistance of the machinery. 
In like manner when the piston descends, as much weight or pressure 
win be taken off these springs by the same means. The cylinder 
would, therefore, vibrate or dance upon the bearing springs; and, as 
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the motion wbick it thns obiahn is the reverse of the motion then 
given to the piston^ the length of the cylinder should be lengthened 
to allow for the extreme vibrfition to which it is liable. A quantity 
of steam would therefore be losjb in filling np this extra length of the 
cylinder at each stroke. This would also t^appen if the cylinder were 
Juetd as usual, and the carriages of. the crank and fly wheel supported 
upon springs, and this arrangement would then be exactly the same 
in principle and effect as the parts of the loco-motive engine to which 
we now allude. 

Mr. Trevithick*s patent of 1815 is introduced a column or ring 
of water, which running round the piston renders the whole air-tight. 
By this means he avoids a great proportion of the usual friction, a 
very moderate degree of tightness in the packing, being in practice 
found sufficient to prevent the passage of so dense a fluid as water. 
The second part of this invention consists in causii^ steam of a high 
temperature to spout out against the atmosphere, and by its recoiling 
force to product a motion in a direction contrary to the issuing stream, 
aimilar. to the motion produced in a rocket wheel, or to the recoil of 
a gun, by which means a rotative action is prodnced. Mr. Trevithick 
also describes three other improvements on the high-pressure engine^ 
the latter of which, though only applied to nautical purposes, is by 
far .the most important. It consists in employing a spiral worm or 
screw, similar to the vanes of a smoke-jack, which^ being made tp 
revolve at the head or stern of the vessel, produces the required 
notion. 

Mr. Turner*8 Rotative Engine, patented in 1816, displays extra- 
ordinary ingenuity and excellence ^ we therefore give a more enlarged 
aocount of it from the specification than of most other such inventions. 

** Fig. 1 is a plan of the engine, represented as if opened to show 
the internal structure. Fig. 2 is another plan^ Figs. 3 and 4 are sec^ 
tions, taken through the axis of the engine in diiferent directions, to 
show the internal parts. A A, B B, C C, is the cylinder or external 
case of the engine, made in two or more parts, which are fastened 
together with screws, so as to form a circular or annular pasaagjl^ 
the transverse section of which is likewise circular, as shown at £ JBi» 
Figs. 3 and 4; the piston F, Fig. 1, is accurately fitted into this 
cirenlar passage, and is caused to revolve therein by the pressure of 
the steam^ which is applied behind it or on the side F, whilst a 
vacuum is made before it, or on the side G. The piston being con- 
nected with a central plate G, which is fixed fast upon the axis or 
.diift H 5 the said shaft is put in motion^ and by wheel work I» or 
other machinery which is best adapted^ the power of the engine is 
communicated to any useful purposes to whiqh it is intended to be 
applied. The means by which the force of steam is made to produce 
the rotatory motion is as follows : two valves or sliders, K and L> 
are applied at the opposite sides of the annular passage or cylinder^ 
£ E, in the manner represented in Figs. 1 and 3. The edge pf tiie 
central plate G^ which has the projecting arm to communicate with 
the piston^ must be piade so that they can be made to shut up the 
passage of the cylinder, £ £, as represefited at \j, and prevent the 
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pus^^ of the Bteiim throngU the actme, or the slider may be opened, 
u ehown by the dotted lioes, to allow the pistou F to pau freely 
tbrOQgh the cylinder; this is done by rnOTing it sideways od its 
centre 3 out of the cylinder into the box or case M, which is prorided 
for its reception, loe sliders are put in motion by a commDnication 
from the ontside of the engine, so that each ooe shall be^o to open 
M soon as the piston F approaches it, and shall be completely opened 
whilst thepiston paBses by, and that it shall then descend again npon 
its seat. N O, Figs. 1 and 4, are two passages, throngh each of 
which the steam is alternately introduced and withdrawn from the 
crylinder ; the two passages are placed on opposite sides of the centre 
of the en^ne, and are provided with valves or cocks, which are 
adapted to be opened andebnt by the action of the machinery in such 
■uccessioa, that when steam is entering from the boiler, into the 

Slinder at one passage, it shall be going ont into the open air or to 
e condenser at the opposite passaee. The machinery which acto- 
ates the slides, K L, and the machinery which opens the valves for 
the admission and exhaostion of the steam through the pasuges N 
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and O, acts id concert with each othery and also with the motion of: 
the piston F, so that^ as soon as possible after the piston has passed 
by the seat of a slider, the same shall belowered down into its place 
ready to close the passage of the cylinder behind the piston^ and the 
instant the piston has passed by the next opening the steam is ad-, 
mitted to flow therein, and act between the slider and the piston, ta 
force the same forwards in the cylinder by its expansive force. To 
explain the action of the engine more.' clearly, suppose the parts in, 
the position of Fig. 1 ; the slider L is shut, and the steam is flowing, 
throogh the passage O into the space between the slider L and the 
piston F, at the same passage N is open to the condenser, to exhaust 
the steam from the remaining part of the cylinder, and remove the 
pressure from the front side G of the piston. In consequence, the' 
pressure of the steam acting behind the piston of the side F, puts 
the same in motion in the direction of the arrow, and drives the arm 
of the central plate before it. The slider K, now in the act of. 
opening, and by the time the projecting part of the plate G arrives at 
its seat,- it wiil be quite o|ien into the box M, where it will remain, 
until the piston F has passed by its seat; it then begins to descend^ 
and by the time the piston arrives at the opening of the passage N^' 
the slider K will be completely shut and stop the cylinder. The^ 
instant tltepistob has passed over the opening of the {nissage N, the* 
steam valves are changed by the machinery, so as to. admit the steam ^ 
into the passage N, and also to allow the steam to pass away through 
the other passage O to the condenser 3 in consequence the steam 
entersthe space between N and K, and thus, being behind the piston^ 
drives it still forwards towards the slider L, which immediately begins' 
to rise by the action of the machinery, and as soon ais the projecting 
part G of the central plate approaches it, it will have retreated into, 
the box M, leaving the cylinder free for the passage of the piston. 
Immediately after the piston has passed the slider, L descends again/ 
and gets settled to its place by the time the piston arrives at the, 
opening O; and the instant the piston has passed over this opening, 
the steam valves are changed again, so that the steam will be ad-, 
mitted at O behind the piston, and act between the slider L and tlie. 
back of the piston to force it forwards, which is the same position 
represented m the figure. By this means the pressure of the steam 
is always made to act behind the piston, and the vacuum is made 
before the same. The sliders K and L are put in motion by levers 
9 and 10, which are fitted on the outsides of the boxes M, but move 
upon the same centre pius 3, as the sliders move upon within side 
the boxesj the levers being forked, as shown at Fig. 5, to reach on 
«ach side of the boxes, and the centre pins 3 pass through the sides 
of the boxes, and also through both forks of the levers 9, 10, but, do 
not turn round in the holes. To communicate motion from the levers 
at the outsides of the boxes to the valves withinside, curved rods, 
11,11, are carried from the levers through the sides of the boxes M, 
and jointed to the arm of the sliders ; stuffing boxes are formed round 
the rods to make tight fittings where they pass through.the sides.of 
the boxes M; the ends of the levers, 9> 10^ are made to be indnded 
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ilr an iesccentric groove oi' raja Z ¥, fixed to the central axia H ^ the 
form of this is shown in Fiff. % and is such as to hold sliders shnt^* 
except duriDg the time thai it is necessary to lift up the same to allow 
thi piston to pass hf. To make the sliiim fit steam-tight when tliey 
are «hut^ they are made rather larger than the diameter of the cyMn- 
der^ and are received in grooves made round in the inside thereof, 
and the valves are ground a^inst one of these faces of each of these 
grooves^ so that they will fit tight without any packing. The piston 
la made of several segments put together, with springs behind them 
to throw them out against the inside surface of the cylinder, and it 
is thus made tight without any packing of hemp. 

^' The edge of the central plate G, wluch has the projecting acm 
to communicate with the piston, must be made to fit tight between 
tlie upper and lower halves which compose the cylinder, so as to 
prevent the escape of steam between them, and at the same time 
leaving the said plate freely at liberty to revolve in the space; for 
this purpose the edge of the plate is surrounded by two rings of braae, 
5 and 6, which are laid one upon the other with springs between 
them, so as to throw them against the upper and lower surfaces of 
the central space^ to which they are accurately fitted by grinding; 
these rings extend round rather more than half the circumference of 
tiie plate G, and are attached thereto by a joint pin 7« Fig* It, which, 
causes them to revolve with it; but they require no <^er la8teaing> 
as the pressure of the steam will keep them in their places, 

"To prevent the escape of the steam through the opening cr 
division between the two rings 5 and 6, a third ring, 7» B, fitted to 
them, cover the joints, and the external edge of this which is made 
round or semi-circular like a bead, is received into correspondinff 
notches made in the edges of the sliders, and thus to make a fitting 
between the edges of the sliders, when the same are closed, and t^e 
edge of the moveable central plate. The valves which are to admit 
alternately the steam into the passage N O, may be constructed in 
the same manner as the valves for the ultimate supply of the upper > 
and lower part of the cylinder of any common steam engine ; but the* 
most convenient manner of doing this is shown in Fig. 4, Q Q, ia an- 
iron box, into which the steam from the boiler is admitted ; this box 
is fixed beneath the cylinder of the engine; 1T> 18 are two openings 
from which curved tubes proceed upwards to the openings NO of 
the cylinder ; there are also two other openings, 19 and 90,: which, 
turn downwards with crooked tubes to the condenser S. TV are 
boxes or cups fixed at the opposite ends of a lever T W V, ofwbicli 
W is the centre of motion ; the boxes or cups are intended to cover 
the openings, in the manner represented by the figure, and thefaces 
or edges of the boxes are ground to fit close upon the flat plat^ or 
surface, in which the openings 17 and 18 are made. When the box 
T is up, as in the figure, it covers the two openings, 17 and 19, so. 
as to connect them together, and therefore the steam in the cylinder 
wiU be drawn off through 1? and 19 to the condenser; at the same 
time the box V at the opposite end of the lever is'drawn, and in A» 
position the box leaves the opening IB uncovered, so that the atean 
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vrith which the box ia filled will have free passage into the cylinder; 
by moving the lever T V on its centre W, sufficiently to raise up the 
box V, and depress the other T, the action will be exactly reversed, 
^z. the box V will connect the openings 18 leading from the cylinder 
cit the opening ^0, which leads to the condenser; and the opening 
^7 will be uncovered, so as to admit the steam from the box through 
^t into the cylinder at the opening N." 

There is great ingenuity displayed in the formation of this machine, 
snd the whole shows much mechanical ability; nevertheless there 
are defects of a sufficiently prominent nature to account for its failure. 
The very common fault of great friction, arising from the use of the 
revolving plates, is here a difficulty which we conceive could not be 
Tcadily overcome ; but the principal cause would be leakage, arising 
from the impossibility of keeping the rubbing surfaces steam-tight. 
This leakage would take place principally in the part where the sliders 
should be in contact with the central plate; it appears to us that the 
rapid motion of the slider must necessarily cause it to rebound from 
the plate, and leave an open space for the escape of the steam; we 
also apprehend that the surfaces of each slider would in a short time 
become so irregularly worn, that it would not fit its seat on the sur- 
face of the groove, for the top and bottom of the slider is constantly 
in contact with the surface of the groove during the whole of its 
motion, whilst the sides (speaking relatively, for there can be neither 
tops nor sides of a circle) are merely in contact at the time the slider 
is moving through a space equal to the depth of the groove. This will 
produce a greater wear on one part of the slider than another, and of 
course, in time, cause the joint to allow an escape of steam. 

Another fault in this machine is, that the mode of working the 
sliders by means of the semi-circular rods is a very insecure method; 
and from the indirect application of the power necessary to work 
them there is a constant danger of bending the rods, and, conse- 
quently, leaving the slider in the groove. If this were to happen, the 
piston in its revolution would come violently in contact with the 
slider, and most likely cut it in two, or otherwise injure it and the 
rest of the engine beyond repair.* 

A patent was obtained by Mr. Joshua Routledge, of Bolton-le- 
Moor, in the year 1818, for a Rotative Engine, of which the accom- 
panying drawing is a section, and may be thus explained. 

Suppose the steam-stop C, and the lever H b, to be properly 
paclsed m the situation represented by the drawing, so that the steam 
cannot escape past either one or the other, it will be evident that if 
the steam is admitted through the pipe G into the space M, the lever 
H h will be propelled forward towards C through the space Q, until 
the sloping part U comes in contact with the lower point of the steam 
stop C, which will then turn upon a steam-tight joint or centre O, 



* The author of Stuarf s History of the Steam Engine states—" that the 
general arrangement of the parts ana manner of action of this engine resembles 
Mr. Mead's.'' Tl^is apology for omitting the ingenious apparatus of Mr. Mead 
it singular enough, since no two machines we have described can differ much 
more than these. 




and ri»e ip into lie bo\ orLhainbei D 1 1 til (lieieter Hi his pMsed 
by. The pre'suri. of th« steam ti en compels the slop C to foUoiv 
the lever down the incli el piano S until it comea into its former 
rettiDg place, wliere it remains statiooHry upon the cylindncat part 
of tho lever, as eeen in the drawing, until again raised by the slopiog 
part H as before. During the time that the point H $ is passing the 
steam-stop C, the steam that bail last carried the lever round mskea 
its escape through the pipe B, either into the open air or into a 
condenser, and new stcani is ii^'aiti instantly admitted, and soon 
coDtiaiiatly. When the engine is thus conslmcted with only one arm 
or lever, there is about one-tEnth of the circle or revolution where 
the steam haa no power: the motion of the engine is then kopt up 
by the velocity already givwi to the fly-wheel ; but when two arms 
or levers are naed, as in large engines, then the steam is made to 
act with equal force tlirongh the whole of the revolution. 

A patent was obtained in tlie year 1818 for a Rotative Engiae, 
by Mr. John Malam, of Westminster, wliich in its general prindple 
resembles those of Messrs. Cartniight, Chapman, and Bontledga: 
the details, however, somewhat dilTer therefrom. The main point of 
difference is, th;it Mr Malam proposes to cause his external cylinder 
to revolve and leave the interior. one at rest. This he proposes to 
eEfect by using a "leaden |>i3ton," which by its weight will always 
Temaio at or near the lowest part of the circle, whilst the steam acts 
Dpoi) valves or Daps which, after they pass the piston, open out and 
■'eceive the action of the steum. There are three of such valves, wluch. 
are exactly the same its those nsed in the engines of the persons joat 
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mentioned, and operate in tlie same way. The pistoa consistis of a 
heavy block of lead, fitted exactly by packing or otlierivise to the 
cylinder; and the whole apparatus differs so little in other respects 
from those, that it is apprehended no further description will be 
necessary. The motive of the patentee in causing th« external cylin- 
der to revolve was evidently to avoid the inequality of wear which 
may arise from fixing the external cylinder, and making the internal 
parts to revolve; for, in the latter method, the axis and machinery 
attached to it have a tendency to wear downwards by gravitation, 
and get out of truth; this would in time cause the cylinder to assume 
an oval form, and thereby render it difficult to be kept tight by 
packing, and this (it should be observed by the way) has been con- 
sidered as one objection among the many urged against rotative 
engines, though, perhaps, if every other could be overcome^ this, on 
account of the length of time which must elapse before it could 
occasion a serious inconvenience, would not operate to prevent the 
successful application of such an engine. 

But it must appear to all that the patentee's plan of obviating 
this evil is but a clumsy and ill-contrived one. The valves out of 
the question (the faults of which have been already explained) we 
cannot for a moment think that the weight or piston could afford an 
abutment of sufficient firmness and steadiness to produce any regnlar 
and equable motion; indeed, we doubt whether any weight placed as 
this was, could remain stationary whilst passing over the inequalities 
of such a cylinder, and enduring the varied force of the steam upon 
the changing of the valves. There can be little doubt but that it 
would vibrate to and fro as each valve opened and shut, sad 
thereby destroy as much power by reciprocation as any beam engine 
ever known. 

The same specification likewise contains a description of another 
rotative engine, in which the abutment consists of mercury, water, 
or fusible metal, such as lead and bismuth. In this engine there are 
three drums, the exterior one forms a casing or jacket to the second, 
and is kept heated by steam or hot air. These two outer drums are 
stationary, whilst the inner one revolves upon its axis, one end of 
which is tubular for the admission of the steam. There are attached 
to the moving cylinder certain curved partitions, which form chambers 
something like tiie buckets of a water wheel* The steam being 
introduced through the hollow axle, after filling the inner cylinder, 
flows into one of the compartments formed by the curved partition, 
and pressing upon the fluid, causes the drum to rise on that side and 
revolve upon its axle; this suffers the steam to enter the compart- 
ment underneath the first, (in a manner not clearly described) and 
force it out of the fluid. The first compartment is by this time above 
the level of the fluid, and the steam at liberty to escape into the 
channel above, which communicates with a condenser or the Open 
air. The chambers are thus filled with steam, and raised in succes- 
sion above the surface of the fluid, 'and produce a constant rotaticki 
of the axis. 

This lattef ^beine differs little fVom the Steam Wheel of Sir W. 
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CoDgreve, which is simply an overshot wheel completely immersed in 
some liquid in which it is made to revolve by the introduction of 
steam underneath the inverted buckets^ which by displacing the water 
with which they ate filled, renders one side of the wheel buoyant^ 
and causes it to ascend. By this meaos Jae buckets are successively 
brought above the induction pipe aud filled with steam^ which con- 
tinues the buoyancy of the ascending side, and keeps up a constant 
revolution of the axis. The steam in the buckets is discharged into 
the air as soon as they have reached the surface of the fluid, the 
latter then entering them and occupying the place of the steam. 

Neither of these schemes are sufficiently meritorious to demand 
much consideration, and only deserve notice because they have en- 
gaged the attention of highly-talented individuals. (Among these 
we do not mean to include Sir Wm. Cougrevej for whatever may 
be his qualifications in other respects, he has displayed but little 
talent in his attempts to improve the steam engine, and even in this 
scheme must yield the priority of idea to Mr. Malam.) Mr. Bryan 
Donkin and Mr. Malam have both tried the same plan, and found 
that the effect bore a very small proportion to the steam expended. 
This was mainly attributed, in the water engine, to the large quan- 
tity of exposed liquid which is to be maintained at a temperature 
equal to that of the steam, and to the difficulty of getting the steam 
into the buckets without allowing a considerable portion of it to 
escape through the water without at all aiding the revolution of the 
wheel. An insuperable difficulty also was encountered regarding 
the temperature of the water, for if the water were below the boiling 
point, a great portion of the steam was condensed, and if at or above 
that temperature, the water was speedily dissipated in vapour, and 
required to be replenished by more water, which, if not sufficiently 
hot, again produced condensation, but if it were used boiliog-hot, 
a separate boiler was necessary to supply the reservoir. 

Any one of these difficulties, however, we apprehend would be 
sufficient to prevent success, and this may account for the failure of 
the mercury engine of Mr.' Malam, in which it appears that the great 
evil would be the steam wasted^ by escaping past the sides of the 
compartments; for without the nicest regulation of the supply of the 
steam^ not one half of it would take its place in the bucket, owing 
to the facility with which it might displace the mercury and rush 
through it to the surface, and so to the eduction pipe. We are not 
able to speak as to the oxidization which would take place on the 
mercury when exposed to constant heat, but we apprehend this 
would be very considerable, and of course -add to the defects ^f the 
plan. 

We described in an earlier part of this work a very simple modi- 
fication of Savery's plan of raising water in the engine of Mr. Nub- 
carrow; and from the great simplicity of another apparatus, on the 
like principle, we are induced to give an account of it. We allude 
to the machine of Mr. Pontifex, of Shoe Lane, J-»ondon, whose im- 
provement consists, it will be seen, in rendering the machine a self- 
acting one 5 but besides this, the skilful arrangement of the parts. 
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and the predsion and certainty of its movements, makes it an object 
worthy of attention. 




'* bb are two steam cylinders connected by cross tabes at o c, in 
each of which a vacanm is alternately formed by the condensation of 
elastic vapour, connected from the boiler by the bent tube d, and 
admitted to the steam cylinders by means of the sliding valve, e, ff 
two tubes perforated with small holes for the admission of steam and 
injectioa water, the latter of wliich is distributed by falling on the 
ittrap, g, h the suction pipe, proceeding to the bottom of the well, 
^hich in no case ought to exceed from twenty-eight to thirty feet in 
depth ; so that a vacuum being formed in the copper vessels, h 6, the 
water will be raised by the pressure of the atmosphere, and passing 
up the tube, A, will take the place of the elastic vapour, tftwo 
valves placed at the npper end of the suction pipe, h, which allow of 
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tke upper passage of the water from the well^ bat prevent its return. 
jj two similar valves, opening into the air vessel, k, to which is 
attached the nozzle, /, serving to convey the water from the copper 
vessels to any required point, m the injection tube, famished with 
a valve, and intended to convey water from the box, n, to the taper 
tabes, yy. p stop cock to regulate the supply of condensing water. 
There is a tube passing from the bottom of the cistern, », to the 
injection tube, m, and furnished with a stop-cock at s. To put this 
engine in action the steam must be first raised to the boiling point, 
and the valve or cock opened, which admits it to pass from the 
boiler to the pipe d. One of the buckets must now be made to de- 
scend, which will open the sliding valve, e, and admit the steam into 
the cylinder, b 1 . The atmospheric air, which will thus be expelled 
from the cylinder, is allowed to pass through the valve, y, and nozzle 
/. The other bucket must then be depressed, and by its action upon 
the sliding valve it will open a communication for the injection water 
through the pipe, q q, which passing down the perforated tube, f, 
will immediately condense the steam, and form a vacuum in the 
vessel. The whole pressure of the atmosphere being now removed 
from the suction pipe, h, the water will rush up to restore equili- 
brium, and the vessel, b, being filled will furnish a supply at the bent 
tube, /. 

" Having examined the action on one half of the apparatus, we 
may suppose the same effect to be produced on the opposite side. 
The steam will, in the first instance, be admitted by the pipe, c, and 
a communication afterwards opened by means of the sliding valve 
with the condensing water, which by reducing the steam to its original 
bulk, will form a vacuum, and the water will again ascend as in the 
first vessel. The stop-cock, y, must now be opened, and the bucket, 
J?, (first described) made to descend, which will remove the sliding 
valve, e, to its original position, and admit the steam to the upper 
part of the first vessel, which will depress the water and cause it to 
flow through the valve, ^', and nozzle, /, while at the same time the 
water will pass through the tube, u u, in which the valve, w, is in- 
serted beneath the inverted vessel, v. The water will continue to 
enter the bucket, .r, till its increasing weight cause;s it to preponde- 
rate, and turn the sliding valve, e, in the opposite direction. Should 
there not be sufficient supply of water in the cistern, rr, for the 
purpose of condensing the steam in the larger vessels, the stop-cock, 
p, must be opened, and additional supply of water will then be fur- 
nished from the chambers, n «, by the tube, m ; and in the event of 
the bucket not being depressed at tlie instant that the water is ex- 
pelled from the chamber, «, of the vessel, b, the steam will pass 
through the tube, u u, and act between the under side of the fixed ^ 
inverted vessel, v, and the surface of the water in the moveable 
bucket, jp, the descent of the bucket being accelerated by the repel- 
lent force of the steam, so that, by the alternate action of the buckets, 
x Xy the motion of the engine is render^ continuous. 

" It appears that each steam vessel in the engine employed at 
the City Gas Works, contains about 36 gallons of water, which is 
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raised about 'iiS feet three times every two miootes ; one bushel of 
coals^ or two of coke« serving the boiler about two hours and three- 
quarters."* ' 

In 1821 a patent was obtained by Mr. Job Rider, of Belfast^ in 
Ireland^ for a rotative engine which has been the subject of great 
encomium in several periodicals of the day, some of which have not 
hesitated to declare, that in it was to be found the solution of the 
grand problem hitherto sought after in vain. But although we have 
been favoured with some very diffuse remarks by these works, all of 
them have omitted to notice the fact of its being nearly a fac-simile 
of a machine patented by Messrs. Bramah and Dickenson thirty-one 
years previous to this date. *^ We do not mean to declare that Mr. 
Rider is not the inventor of this machine, because although a minute 
description and engraving of it is given in one of the early volumes of 
the Repertory of the Arts, yet we well know that this work is too scarce 
to be found in the hands of every inventive mechanic: besides which, 
it is highly improbable that Mr. Rider would have incurred the ex- 
pense of a patent or patents for a machine which was notoriously the 
subject of a previous one. It is, however, to be regretted that Mr. 
R. was not better informed on the subject, because the two plans 
resemble each other so closely, that one might almost fancy they 
had been drawn from the same model. We refer our readers, for a 
full explanation of the principle, to page 66 of this work, and have 
merely to add, that a respectable manufactory in Scotland expended 
a very considerable sum in constructing and applying one of these 
engines during the year 18^5, but have abandoned it from the im- 
possibility of keeping it even tolerably steam-tight. 

Mr. Thomas Masterman*s rotatory engine, pat^ntji^ 1821, comes 
next under our notice. 

Fig. 1 represents a vertical and central section of Ihie troke (being 
that part of the engine which revolves). Fig. 2 is a transverse sec- 
tion of it, and of the two masks after mentioned. The troke is com- 
posed of the axis, of the nucleus (being the central parts, and through 
which the axis passes), of the annulus (being a hollow ring, in which 
are placed valves), and of the radii (being the steam passages be- 
tween the nucleus and the annulus). The surface of the face is a 
perfect plane. The axis passes though the hole (1) at right angles 
with the plane of the face. Six holes (2) of similar figure and di- 
mensions with each other, are sunk in the face, at equal distances 
in a direction parallel to the axis, for three or four inches; then 
curving into a direction at right angles with the axis, they open in 
the periphery of the nucleus. 

The annulus (A) consists of six equal segments. At each of their 
joints is fixed a valve, which, by being ground on its seat, is rendered 
steam-tight when closed. 

The radii (1, 2, 3^ 4, 5, 6) are connected with the nucleus and 
annulus, so as to form steam-tight communications between each 
hole in the face and the inside of the annulus. Pig. 3 is a plan of the 
inner mask; being a circular plate of metal, of equal diameter with 
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the face, about two inches thick, and having each side perfect planes 
parallel to each other. 

There are four holes (1, ^, 3, 4) through it : 1 is of snfficieut 
size tp admit the axis ; ^, 3, 4, are each one-sixth of the space that 
would be included by completing the two concentric circles, seg- 
ments of which form the sides of those holes ; and those circles are 
described with the same radii as the segments of those which bound 
the holes in the face. Thus, each of these holes would extend over 
one of the holes in tlie face, and one of the adjoining spaces : the 
space between 9 and 3 is of such dimensions as just to cover com- 
pletely one of the holes in the face. 4 is situated so as to leave 
equal spaces between it and 2 and 3. 

The periphery of this mask is clasped by an iron hoop, from 
which projects a lever, extending nearly to the annulus, and having 
a small inclined bar placed across its end. The two projections 
from fig. 4 represent the beginning of the lever. 

The outer mask is a circular piece of metal of the same diameter^ 
and about the same thickness as the inner mask. 

The axis passes through both masks ; the inner mask is placed 
next the face, the other next the inner mask, and both are kept 
closely pressed towards the face (by means of screws acting on 
ike back of the outer mask) so as to be steam-tight with each other 
and with the face : a trifling pressure suffices to make them so, the 
opposed surfaces having been ground on each other. The outer 
mask is placed in such a position with respect to fig. 1, as that the 
pipe 2 may be horizontal, and point towards radius, fig. 2, and 
It always remains stationary. The inner mask is placed in such a 
position with respect to the outer mask, as that the holes 9, 3, 4, 
in the former may communicate with pipes corresponding in the 
latter, and thus form a communication between the pipes communi- 
cating with the boiler and the air. Thus the holes in the inner mask 
are for the same relative purpose as the pipes in the outer mask. 

The transverse sections of both masks, placed in their relative 
positions, are represented in fig. 2. 

The corresponding letters in fig. 1 and 2 refer to the correspond- 
ing parts in figure: pp is the axis, gg are its bearings. 

As the valves, and the gear for regulating them, are precisely 
the same in each segment of the annulos, only two of them (one 
showing their position closed, the other open) are lettered for refer- 
ence. 

Each valve (f) is similar to the other, and opens in the same 
direction 5 its gudgeons, moving freely in sockets, fixed to the sides 
of the annulus nearest the axis. 

Their working-gear is as follows : a is a small hollow protube- 
rance or bonnet screwed on the annular, and communicating with 
the inside of it; on one of its inner sides is a socket, on the opposite 
a stuffing-box ) one end of a spindle works in the socket^ the other 
passes through the stuffing-box to the outside of the bonnet; to this 
end is attached the lever i, and to the centre is attached the lever 
«; both levers being at right angles with the spindle^ and. in the 

z 
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opposite direction to each other. To the extremity of c is attached 
(by a moveable joiDt) the rod d, and to the extremity b is fixed the 
weight e, being more than sufficient to counterpoise/*, which is con- 
nected with it by means of a moveable joint at the other end of d, 
and attached to the centre of/*. The levers are so placed as to cause 
f to be half open when they point to the axis. Thus it is evident that, 
during the revolutions of the troke, two of the valves (X) on its as- 
cending side (denoted by the arrow) will, by the mere preponder- 
ance of e, be shut, and the whole of the others will be open, as re- 
presented in fig. 1. 

For more easily comprehending the action of these valves, let it 
be considered that their movements are regulated by the mere gra- 
vity of e. 

The machinery to which motion is to be imparted is attached to 
that end of the axis next fig. 1. 

The steam is generated and condensed in the usual manner. 

The principle on which the engine acts, is by a liquid body 
(water or mercury for instance) placed in the annulus, being pressed 
on one side of the troke by the steam, until that side gain such a 
preponderance over the other as to overcome the resistance of the 
machinery attached to the axis, and by being then sustained there, 
so as to maintain the preponderance during the revolution of the 
troke. 

The engine represented by the engraving is one in which water 
is the liquid made use of in the annuhis. The manner in which it is 
worked is as follows : — 

The annulus is nearly half filled with water, which need never 
be withdrawn. The troke is placed so as to have two of its radii in 
a vertical position. The steam-cock is turned 5 consequently the 
steam rushes through the pipe and hole (^) in the outer and inner 
masks, and through the lowest hole in the face into the lowest ra- 
dius 3 and, after imparting to the surface of the water in that radius 
its own temperature, it presses such water downwards, and flows 
into the annulus, condensing in the water therein, until it has im- 
parted to it, also, its own temperature, which will be rapidly ac- 
complished. On the temperatures becoming alike, the steam will 
rise through the water on both sides of the troke, and, meeting with 
a closed valve on one side, will press the water which is beneath it 
downwards, and consequently cause the water on the other side to 
rise proportionably, until the preponderance thus given to that side 
be sufficient to overcome the resistance of the machinery attached to 
the axis, immediately whereupon the troke will begin to revolve* 
The load, or resistance of the machinery, remaining the same, and 
the supply of steam being equable, the water will remain nearly sta- 
tionary during the revolutions of the troke: its surfaces are denoted 
by the lines at n and 0, .-..'■ 

As the troke revolves, each of the holes in the face communicates 
in succession with 2 in the inner mask. 

It should be borne in mind, that, as has before been observed, 
the position of the inner mask is never so far changed as to prevent 
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9 and 3 therein communicating with the corresponding pipes in the 
outer ma9k^ when the engine is at work. 

• By the construction^ one entire hole in the face^ or parts of two^ 
equal to one^ is^ or are always in communication with ^ in the inner 
and outer masks ; so that there is always an equable flow of steam 
into the annulus^ preventing the depressed surface of the water ris- 
ing with the ascending closed valve. 

The holes in the face^ as they pass in succession from 2 to 3 in 
the inner mask^ arc entirely closed by the space between them ; and 
immediately on communicating with 3, the steam confined between 
the two closed valves rushes from the annulus, through 3, into the 
air^ or into the condenser^ if one be used. And until the same hole 
in the face has passed 3^ a communication with the air^ or the con- 
denser^ remains for the discharge of the steam. 

The pressure of the steam being thus removed from each valve> 
(X/ as it arrives at this pointy it will, by the gravity of e, open as it 
begins to descend, (see the valve partly open in fig. 1) and thus 
allow the column of water to remain on that side of the troke. 

The water will fill the radii as their ends descend beneath the 
elevated surface, o, and will remain there until the steam presses it 
out at about «, but cannot escape, if before it enters them the hole 
in the face has pressed the hole 3 ; otherwise, however, the water 
would escape through that hole into the air, or condenser. 

A uniform rotatory motion is thus produced and maintained as 
long as the steam flows equably into the annnlus, acting with a force 
proportionable to the preponderance of the water on one side of the 
troke over the other. This force is easily estimated, being equal to 
the weight of a perpendicular column of water, having the difference 
of the two levels for its altitude, and the area of a transverse section 
of the annulus for its base, pressing against the closed valve. 

This description of Mr. Masterman*s engine is copied from a pam- 
phlet published by Messrs. Underwood in 1822, which gives a very 
clear description of the whole machine, together with a detail of the 
comparative advantages the writer imagined this machine to possess 
over the reciprocating one. Although this work, written merely for 
the purpose of elucidation, and proceeding from the pen of a mecha- 
nic who may not possess much talent as a writer, can hardly be a 
fair subject of criticism, yet, as it will serve our purpose best, in 
treating on this machine, to follow the author through some of his 
remarks, we will step out of our usual course in the present instance. 

The difficulties which are stated to have been obviated or les- 
sened by the invention of this engine are, " 1st, The skill and nicety 
of workmanship required in construction and erection; 2nd, The 
cost of construction and erection j 3rd, The space they occupy; 4th, 
The expense of working and keeping them in reoair ; 5th, The power 
lost by friction, by alternate movement, and by the obliqae direction 
m wh^ch the power is exerted through the medium of the crank rod; 
6th, The great pressure of steam required to work with any economy 
without a condenser j and 7th, The trouble of putting them in motion 
when they stop with the crank in a vertical direction, and the care 
required to prevent the fly-wheel taking a reversed motion." 
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Before going into Mr. Masterman*s remarks as to how far these 
faults are obviated^ it may be worth while^ in the first place^ to see • 
whether all of them exist. Oa this it may be said^ that the first, 
second, thirds and fourth^ are evils which have justly occupied the 
consideration of nearly all mechanics since the general adoption of 
the steam-engine, and are in reality evils of such a nature as to be 
evident to every one. 

But in the hfth enumerated evil the author has falfeB into a very 
great though a very common error, in conceiving that power is lost 
by the oblique position in which the crank receives the force of the 
steam. We have had occasion more than once to lament that the 
erroneous idea formed on this subject, has led many able mechanics 
into great expense. Perhaps it is not incorrect to say, that one 
half of the rotative engines which have been attempted, would never 
have been undertaken, had the different patentees been fully aware 
that no saving is effected by increasing the length of the lever upon 
which the steam exerts its force. These engines have generally been 
encumbered with an interior cylinder, or drum of such a diameter, 
as to cause a considerable friction, the purpose of such dnim being 
to prevent the steam from acting near the centre of motion, where 
it was conceived it would be ineffective. Had this suppositiou 
been true, Mr. Masterman*s engine would have had ten times the 
effect of any other : for the diameter of the experimental engine 
being 30 feet the lever would generally be ten times more than the 
average length of a crank of a reciprocating engine of the same 
power. 

The sixth disadvantage stated, as attendant on a reciprocating 
engine is the great pressure of steam necessary to work it without 
a condenser. This is undoubtedly a difficulty which is of no small 
moment, and Mr. Masterman*s engine (if it had sqcceeded in other 
respects,) would have bid fair to have completely obviated it. The 
force of steam necessary to give motion to an annulus of a large dia-; 
meter being as much less than that excited on a crank, as the length 
of the crank is less than the semi-diameter of the annulus. Hence 
a pressure of 7 or 8 pounds per square inch would have produced 
the same effect in this engine as 70 or 80 pounds per square inch 
would have produced when exerted on a crank of 18 inches in 
length. 

The eighth disadvantage stated — 'Ms the trouble of putting a 
steam engine in motion when it stops with the crank in a vertical 
position 5 and the care necessary to prevent the fly-wheel taking a 
reversed motion. There is no doubt that it is a very great incon- 
venience, when the engine stops with the crank in a vertical posi- 
tion, particularly in large engines *, and we have frequently seen it 
necessary in such cases to call in the aid of several workmen,* and 
lose a considerable portion of time before the engine could be put in 
motion, and that not unfrequently when considerable mischief vvas 
occasioned by such a delay. But there are very few cases, in which 
it is not expedient and absolutely necessary to have the power of re- 
versing the motion of the engine. Mr. Maste|inian, therefore, as- 
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vtiDies that to be an advantage which in reality is an onsaperable- 
objection to the genera] adoption of any machine not possessing the 
power of revolving e;ther forwards or backwards. In steam boats 
particalarly (where Mr. Masterman is sanguine enough to imagine 
his mercury engine could be applied with advantage) the capability 
of easily reversing the motion is a point of first consideration^ and 
without such power no one could guarantee their performing a short 
voyage with safety. 

Having shewn that many of the objections here stated do not 
exists we shall proceed to inquire, how far those which do, are ob- 
viated by this machine. And we shall first state that we have had 
frequent opportunity of inspecting the engine which was erected by 
Mr. Masterman at Fawdon colliery, near Newcastle 3 the troke of 
which was 28 feet in diameter, and which ought to have been, accord- 
ing to his calculation, of 12 or 13 horses power. We are enabled 
therefore to speak from our own observation j in addition to which, 
we have been favoured with particular information on the subject, 
by the managing engineer of Pawdon colliery. 

It appears that the '* skill and nicety of workmanship** is 'by no 
means lessened in this machine, but on the contrary, the cost of it 
must greatly exceed that of the reciprocating engine. It is stated 
that ** the only parts requiring any nicety are the valves, valve-seats, 
face, and masks which must work steam tight.** Were these all, it 
will readily be conceived that the care required in fitting them up, 
must greatly exceed that of a reciprocafiug engine ; there being no 
less than 28 surfaces of brass and metal to be made perfectly smooth 
and steam tight by the usual processes of filing, turning, and grind- 
ing 'y whereas in the common engine there are but two, requiring 
such nicety. It follows, therefore, that the cost as well as the skill, 
required in the construction, must exceed that of the latter. 

In remarking on the comparative friction of the two kinds of 
engines, it is observed, that '^ as the valves are regulated by the 
gravity of the weight, there is no friction in the pins.'* This is an 
absurdity which shews a want of information of the writer, since it is 
evident that these weights, by the falling of which the valves are 
worked, must be raised by the power of the machine, to the elevation 
from which they fall : as much force, therefore, must be exerted to 
elevate them, as would have been necessary to have moved the 
valves by the more direct action '^of the machine. The blunder re- 
minds us of a similar one, v^hich we observed in Brown's Gas Va- 
cuum Engine, where a short beam was made tubular, and charged 
with mercury, from the idea that this would aid its movement. 

But these defects are of little importance, and scarcely deserve 
the notice we have given them. We shall now shew what appears 
to have been the cause of failure. This seems chiefly to have been 
the great condensation, arising from the exposure of the steam in 
the annulus. The steam occupying one half of the circle becomes 
dispersed, as it were, in a long bended pipe, which is subjected to 
the disadvantage of passing thro.ugh the air by which the condensa- 
tion mast be increased. . Another cause of condensation is the dif- 
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ferenee in temperature^ between the depressed and the elevated 
surfaces of the water.*' The lower surface being continually in 
contact with the steam^ is nearly of the. same heat^ whilst the upper 
surface is considerably colder. Now the different segments of the 
troke^ successively lose a portion of their caloric^ as they pass over 
the cooler portion of the liquid ^ and in this cooled state become 
the recipients of the steam 5 and although there is a tendency in the 
machine to bring all parts of the water to an equal temperature, it 
was found preferable to prevent such a consequence, by a supply of 
cold water, as the elevated surface when so heated expanded into 
steam, and escaped through the discharging pipe. 

Another and secondary cause of waste takes place, when there is 
the least variation in the resistance of the load 3 when that is uni- 
form, the steam exerts merely the force necessary to overcome it -, 
but upon the resistance being increased, the steam then forcing 
upon the yielding surface of the water, without immediately produc- 
ing the required speed, drives a considerable quantity of it over the 
upper part of tiie annulus, into the empty side of the wheel } and by 
occupying it^ place, rises by its inferior gravity upwards through the 
water, and escapes through the discharging pipe without producing 
any effect. When this takes place, it is some time before the water 
returns to its proper situatioft, or becomes a sufficiently steady abut-^ 
ment to produce the required powers. 

The consequence of these defects were extremely apparent in the 
engine alluded to; the waste of caloric being such that few persons 
could endure the heat of the engine-house when the engine was 
working. The waste by condensation was so great, that it required 
a boiler of sufficient capacity to have worked a reciprocating engine 
of 36 horses power, merely to drive a small circular saw, which 
could have been easily driven by an engine of 2 or 3 horses power. 
The varied resistance produced by sawing wood, rendered the last- 
named defect very apparent 5 and, indeed, considering the degree in 
which its effect was weakened by the irregular iti/ of. its load, per- 
haps a saw was the most ill-judged application of its force. 

We have been thus particular in our investigation of this ingeni-* 
ous machine, because several scientific friends were disappointed 
by its failure, and because both Partington and Stuart have antici- 
pated^ that '' if ever rotatory engines should be brought into suc- 
cessful competition with the common steam engine, it appeared 
probable that they might be constructed on this principle."^ We 
perfectly agree with the latter writer, however, in this opinion, that 
much credit is due to Mr. Mastermaur for his very clear and interest- 
ing account of his machine, and the candid appeal which he makes 
to experiment. We trust in examining the pages of his little 
pamphlet that we have been divested of every prejudice,* and that 
our apparently severe examination will be attributed to the proper 
motive. It is sincerely to be wished that more would follow his 
example, and fairly submit their inventions to the public, divested, 
^ik^ his, of all mystery and quackery 5 the advantages which would 
-arise from this liberal proceeding would be incalculable. 
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CHAPTER VII. 

PERKIIfs's ENGINE. — BRUNEl'b IMPROVEMENTS. — YAUGHAn's ENGINE. — ALBAN*! 
ElfOIME AND GENERATOR. — BROWN's GAS ENGINE. — BRUNEL*8 GAS ENGINE. 
— METALLIC PISTONS. — BEALE*8 ROTATIVE ENGINE. — POREMAN*8 ROTATORY 
ENGINE. — eve's ROTATORY ENGINE. — MARQUIS DE CAMBls' ROTATOl^Y 
ENGINE. — galloway's ROTATORY ENGINE.^CONCLUSlON. 

It has been shown in an early part of the work^ that a high pres- 
sure engine consumes less fuel than a condensing engine of the same 
power, and that the force of the steam per square inch increases in a 
much greater ratio than the temperature communicated to the water. 
This fact fully establishes the superior economy of a high pressure 
engine, and it also proves, that the more the pressure is increased, 
still less fuel proportionably will be required. Though this curious 
phenomenon is universally known, yet few attempts had been made in 
England to use steam of a pressure exceeding 50, or at most 100 
pounds on the square inch, until the recent experiments of Mr. Per- 
kins. This delay among our engineers to adopt what would seem 
to promise such great advantages, must be attributed to a caution 
which has been well grounded. The great danger of explosion must 
have been quite sufficient to have deterred them from the trial; and 
until that could be effectnally guarded against, it would have been 
madness to increase the pressure of steam beyond its present limits. 
It is, indeed, no uncommon circumstance to nnd boilers in America 
loaded to double and sometimes treble the pressure of the greatest 
force we have now named; but still, with boilers of the usual con- 
struction, the danger must be very great, and the liability to accident 
such as to more than counterbalance all the advantages that can be 
obtained. 

Mr. Perkins, however, conceived that all this saving could be 
effected, and that danger could be removed, by reducing the size of 
the boiler. We shall give Mr. Perkins's own remarks on the sub- 
ject: — 

'' It is a well known fact that water does not boil nnder atmos- 
pheric pressure until it has been heated to 212% after which all the 
heat that can be applied cannot increase the temperature of the steam 
or water. Now, add an artificial atmosphere by loading the escape 
valve (the surface of which is equal to a square inch) with 14 lbs. and 
it will receive 250 of heat with a rery little addition of fuel, and the 
pressure on the square inch will be doubled, or 28 lbs.; the mechan- 
ical action will not be double, yet it will be inci^ased much more than 
the consumption of fuel. Let the valve be loaded with two addition- 
al atmospheres or 42 lbs. and the temperature will be raised to 280% 
and will again produce double pressure, or 56 lbs. in the inch, and 
so oil. If the generator j^e made strong enough, as I have no donbt 
it may be, to withstand 60^000 lbs. load on the escape valve, the water 
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woold not boil, atthougb it would exert an expansive force eqnal to 
56,000 lbs. on tbe inch, and be at abuDt 1170° of heat, or cberry 
red. Water thus healed wouid, if it were allowed, expand it sefr 
into atmospberic steam, without receiving any additional heat from 
what snrroDuded it. It is not, however, necessary to heat the water 
to more than 500^ to hare it flaah into Gteain, if the generator be 
properly cooslructed." 

n o is the generator, kept constantly filled with water up to the 
valve ; £ £ IB the furoacc surrounding tbe generator, by which the 
water it contains is intensely heated, but i^ prevented from est-aping. 
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tratwithsianding its great expamive force, by the enarmom plrHunre 
upon the valve by the variable weight d ; or until the pomp o hat 
forced a ffiven quantity of water into the lower part of the ffenerator, 
which raises the valve^ and caoses a like quantity of the heated 
water to escape into the pipe c c, wher6 flashing instantaneously into 
steam, it rushes into the cylinder g and drives the piston /* t6 the 
farthest end of it ; this action causes a commuuiciftiofi to be opened 
into the pipe il^ into which the steam passes; the pipe ^^ passes 
through the condenser / i, delivering out its heat to the cold water 
contained therein $ from thence after descending It takes an hori« 
zontal course and enters the reservoir m, from whence it is re-pumped 
for use by the apparatus o o. 

The arm h is attached at one end to the piston/, aild is conee- 
qucntly moved by it in an horizontal line the length of the cylinder^, 
abd the other end of the arm being connected with the fly wheel $, 
causes it to revolve 5 the fly thus put into action gives motion to the 
rotatory valve e, which opens and shuts alternately a cemmuiiicatloo 
on both sided of the piston. An iron rod and chain ^ beilig fixed to 
the arm h, and at the other end to the loaded lever p, the pump o 
is worked by the action of the arm, causing at every revolution of 
the fly a fresh quantity of water to be forced into the bottom !of the 
generator, which again nuses its loaded valve, and allows th^ efteape 
of an equal quantity of water into the pipe c e, where flashing into 
steam, and rushing into the cylinder, it operates upon the piston 
again and keeps up the alternating and rotatory motion of the several 
parts before mentioned. 

The condenser //, is a tube of copper about 4 inches in diameter 
and iO feet long, and is supplied constantly with cold water from the 
pump# through the pipe n n. This enters the condenser at the lower 
6nd, and is discharged at the upper end into the descending tube r r, 
which proceeding to the lower part of the apparatus, ascends in a 
spiral winding of many coils round the bottom of the furnace up 
to the Valve s, loaded by a variable weight », equal to 700 lbs. 

rn the square inch (or about 50 atmospheres) ; from the valve «, 
tube descends as at t; t; v, and proceeds to nearly the bottom of 
the generator, as shewn by the dotted lines. In order to insure safe* 
ty to the apparatus, a tube / /, is fixed to the generator and proceeds 
to the dial r r, showing the degree of pressure or the number oi 
atmospheres at which the machine works. Near to the middle of 
this tube is fixed a safety valve of copper, jp, which is torn up when 
th^ pressure ffreatly exceeds the intended force. The atmospheric 
dr contained in the spaces on each side of the piston escapes by tubes 
at JET jsr, furnished with stop cocks. ^ 

Such is Mr. Perkins's engine. The experiment^ as far as it 
regards the generation of steam of this enormous pressure, has been 
quite decisive, but the ecomomy of engines on this principle has not 
been so fhtlly established. It appears that Mr. P*8 principal diffi* 
cnlty has been, not the generation of the steam, but its application 

■* Register of Arts and Sctenees, vol. i. p. S09. 
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to the machinery. This difficulty has been owing to the high tem-' 
peratore^ which the cylinder and working parts acquire when in 
operation^ which produces several inconveniences^ the main one of 
which is, that it is absolntely impossible to lubricate the sides of tbe 
cylinder or valves, with oil, tallow, or any such material, although, 
it b well known, that metallic packing cannot be maintained,, even 
in a condensing engine, tolerably steam tight without some soeh 
iqpplication ', and if such a difficulty occur in a low pressure engine, 
now much greater must that difficulty be in an engine, working at 
the great force of steam at which this is worked, especially when 
we consider the very subtile nature of such steam, and the mnch 
greater proportion that the openings (through which the escape is), 
bears to the surface of a piston on this principle, than similar 
openings in a metallic packing, bear to the surface of a piston of a 
condensing engine* The reason why it is impracticable to apply (h1, 
is, that the great temperature of the cylinder instantly carbonizes it, 
or causes it to pass off in vapour, and in that form escapes to the 
atmosphere. Another inconvenience is, that the materials of which 
the piston and valves are composed, become by wear and friction 
(both of which are increased by the cause just named) ^eedily 
destroyed. 

In order to obviate some of these evils, Mr. Perkins has just 
taken out another patent, in which it is stated that he has discovered: 
a method of forming a metallic piston, of a peculiar alloy, requiring 
neitheir oil, tallow, nor any lubricating material whatever, ta 
reduce tho friction y on tbe contrary, by the working of the engine, 
the rubb^g surfaces. of the piston aud cylinder become so highly 
polished, as to reduce the friction, considerably below that of the 
ordinary metallic packing when oiled* 

There have been so many exaggerations and misrepresentations 
respecting this engine from first to last, that we cannot venture to 
give credence to any thing on the subject, without seeing this 
alleged improvement in actual practice, or attested by men of 
credit and respectability ; certain it is, that Mr. Perkins's engine, 
can never answer, without such an aiio^ as that alluded to ; and it 
is equally certain, that if a material possessing these qualities hasr 
been discovered, its utility will not be limited to the steam engine 
alone, but will be equally applicable to machines of almost every 
modification. 

Mr. Marc Izambard Brunei obtained a patent in 1823, for a very 
ingenious application of the steam engine, by which the connecting 
rods of two cylinders are made to give motion to the same crank : 
the following figure and description will enable our readers to 
understand it.* 

Fig. 1 is a front elevation, and Fig. 2 a plan or bird's-eye view 
of the engine, divested of the various j^ear and appendages employed 
in communicating its power; in order t^at it may be clearly and 
readily understood. 

• Register of Arts and Sci^nceis, vol. iv.p. 327. 
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« a a ia a strong trtaDgnlnr frame of cast iron, contaioiag the two 
working cy I inderg, 6 6; tbeae cylindera are inclin^ toward* eadt 
stberj ao as to form an angle of 108°, tlutt particular angle baviag 
been foDod b; Mr. Branel to be preferable. to all othen in effisHiiig 
a rotatory motion to the crsak, by the alternaUng action of the 
piaton roaa. e c are the piston rods; dd the connecting rods, at- 
tached to the revolving crank ee, which by ita axis conuDsoicatM 
ootion to whatever machinery may be connected thereto ; y|^ ara 
metal, rollers, renning upon gnide plates, to give aopport to tlw 
piatoni, and thereby eqnaliae their friction in the cylindera. 

Theateam ia received fromthe boiler intotbe amall cylinders ff, 
and, by the action of the piatona therein, the steain is alternately ao- 
mitted into one of the ends of the working cylindera, 6 6, and a 
pasiage opened for its escape at the' other. Tlie action of the pistons 
in the amaJl cylinders, gg, ia efiected'by eccentrica,' placed upon ttie 
axis of the main crank e, as may be aeeu at Fig. S { theae ecceotrica 
give motion to the rods h h, which, by the intermediate levers sbewa, 
operate opoQ the pistons in the small cylinders. 

One of these engines, applied for the parpoae of draiuing the 
Taonel now] being cat under the Thames, and, as represented bjr 
Fig: 1, is fixed on the top of a lofty massive frame work, or toiKr 
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of wood, built up from, the bottom, and in the centre of the great 
Terti<^ shaft of tht tunnel, and is further strengthened by numerous- 
large transverse beams, the extremities of which enter the masonry 
at the sides of the shaft. On the. axis of the crank is iixed a small 
fly wheel as at i, and on the same shaft a toothed pinion /, which 
givei motion to two toothed wheels tnn; to these wheels are attached 
the crank levers which work the pumps; on the shaft of the wheel 
n a dram wheel is fixed^ over which a band, pp, works; this band 
passes over another drdm wheel (not brought into view) ; from that 
another band gives motion to a rig^r, at a considerable height above 
the enffine, which rigger carries suso another endless band or strap^ 
which 16 the immediate agent employed for drawing up the excavated 
earth in strdng square receptacles or small waggons, upon wlieel8> 
which, when raised over the platform (as shown by the diagram) are 
wheeled' off to their destination upon an iron rail-way.*^ 

A patent was obtained in 1824, by Mr. George Vaughan, of 
Sheffield, for a very curious application of the old open top(>ed 
or atmospheric steaoi engine, which we here give, not from sumJ 
faith in the alleged advantages derivable from its use, but from the 
novelty of its appearance. 

'^ Fig. ^ represents a section of the. cylinder. aaaa is. a 
cast-iron cylinder, open at both ends, and bored true; b a partition 
in the middle of the cylinder, a, which may be cither cast in or bolted 
in afterwards; cccc is a casing cast round the cylinders, with a 
flange at the top and at the bottom, and another a tittle below the 
middle to fix the cylinder in its place, which casing is for the purpose 
of heating the cylinder, and keeping it hot in the usual way; two side 
rods, dddd, work through two copper or other metal pipes fixed 
between the casing and the cylinder, which pipes ave rivetted to the 
top and bottom flange of the cylinder; ee Ate two cross bars con- 
nected to the side rod at both ends, and also to the top and bottom 
rods of the pistons. The upper piston is represented as- nearly a^ 
the top of the cylinder. The piston rod is connected to the cross 
bar by a socket in such bar, which bar is suspended in the links 
of the parallel motion, gg are the two pistons and rods above > 
alluded to, Which, when connected with the cross bars, e e, moi^ 
together » prodndng what I call one stroke with two pi«tonk. il is a 
cock and ftmnel'for cotrveying grease through the casing and the cy- 
linder to the bottom piston clo86 to thepactttion b. i is a cock at the 

« As the qnandty of water that collects in the Taonel is very inconsi4er<* ^^ 
able, It is found that the working with one cytinder only, (that is, half thci 
engine,) U sufficient to raise the whole, as wdA as all the excavat^ earth to 
the surface. If an increase of power shoidd at any time be required, it may 
instantly foe obtained by connecdhg the opposite piston rod to the orank. . 
Thus the engine may be adapted with facility to whatever circumstances may 
reqnure of It. The power of the enginie is calculated at thirty horses, that £| 
to say, each cylinder operates^Ui the power of fifteen horses. 

Tlie pistons now used hi this enc^e^ are, we understand, of the expandhig 
metallic kind, those made bM patented^ by Mr. Barton, a preference being 
given to those above all others by Mr. Brunei, which is, in our opinion, no 
mall recommendation of them. j 



STBAM ENtilNB. 




bottom of the casingj tolet out in the osual manner the coodetised 
Bteam from between tlic casing and cyliuder. k w the cocit and pipe, 
to convey steam from the steam pipe into the cnsing of (he cylinderj 
// represents tsvo passages winch are east in a branch proceeding 
from the cylinder and casing, the one passage communicating above 
the partition I), und theolher bcloH, to convey steam in and out from 
under the top and abore the bottom piston, tn is a passiige to cooTey, 
■tejim from under the slide valve into the condenser, whith ^ cast in" 
the same branch in the nsaal way. n is the slide valve inclosed in the' 
steam box, having the steam pipe o connected with such box. The. 
slide or other valve may be moved in any of the known methods em- 
ployed for that pnrpoae."* 

The steam being admitted through the upper passage / Into the 
upper chamber of the cylinder, its piston \t thereby thrown op, and 

• RfgisterofATts and Sciences, vol. It. ij. St. g 
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the vacoum being immediately formed in tbe osual way, the pi^essure 
of the atmosphere of coarse operates instantly to thmst it down 
again, whilst at the same moment a corresponding effect is being 
produced upon the piston in the lower chamber^ by the steam 
rashing into it through the lower passage I, thus co-operating with 
the atmospheric pressure from above, in producing what the patentee 
calls " one stroke with two pistons.*' A vacuum being next formed 
in the lower chamber, the atmospheric pressure acts upon the lower 
piston, while the steam, again admitted through the upper passage 
/, assists in like manner in throwing up both pistons as before^ and 
thus by alternately allowing the steam to rush through the two pas- 
sages // into the upper and lower chambers^ a constant uniform 
motion is produced and kept up. 

The advantages stated to be derived from this engine are, that 
by the united application of the force of steam from the boiler 
on one piston, and the pressure of the atmosphere on another, 
a greater power is obtained, than can be by the Bolton and Watt 
engine, where the air is excluded. The error of the patentee seems 
to have arisen, from his not being conscious that steam acting in 
a boiler, at the pressure of 4 lbs. on the inch, would, in a vacuum, 
exert a force equal to 4lbs. + the pressure of the atmosphere, 
or4 + 145=18J when therefore, we unite, as in the present 
instance, the pressure of the atmosphere to that of the steam, 
we obtain only 4+ 14} == 181, being the same result in both 
instances. This complicated machinery therefore answers no other 
end, than of increasing the friction, and adding to the expense. 

Mr. J. C. C. Ruddatz obtained a patent in 1825, for an 
invention of Dr. Ernst Alban, a physician of Rostock, in the 
grand duchy of Mecklenburgh. This gentleman has since removed 
to England, for the purpose of introducing his invention, which 
consists, like Perkins's, of an attempt to reduce the consumption 
of fuel, by increasing the pressure of the steam ; but Dr. Alban's 
apparatus is much more novel and ingenious. 

The vessels wherein the steam is immediately generated, are of a 
very narrow compass, and made of tough metals, on which accoant 
they are very durable, although not constructed of any greiat 
thickness. They consist of tubes of small diameter, which are 
calculated to sustain a pressure of 4 to 6000 lbs. to the square 
inch, thus removing all chance or possibility of their bursting, 
an event which, even if it could happen, this construction would 
render perfectly harmless. These generating vessels have only 
ab6nt one foot of steam producing surface to the horse power, 
and in order that the generation of steam may be increased to such 
a degree, that the intended effect can be produced, and in order 
at the same time to withdraw them from the destroying influence 
of the fire, they are placed within a ooiedium, consisting of an easily 
fusible metal, or metallic mixture, such as tin and lead, which is 
introduced into a tank or vessel of cast iron, and exposed therein to 
the action of the fire. In these latter, which Dr. Alban calls his 
metal vessels, he opposes a very extended surface to the action of 
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the fire, without infringing on space, or requiring any great quantity 

of the fusible metals for filYing them, as may be easily seen by 

reference to the form of the metal vessel ,^j^. 9. By this means 

caloric is conducted in large portions to the medium, which being a 

good conductor of heat rapidly imbibes it, and forms, as it were^ 

around the generator, a store of caloric, which it gives out so equably 

and rapidly, that the tubes, with but a small generating surface, 

collect and give out to the water which is to be converted into steam, 

as much caloric as if that surface had been ten times the size lipon 

the ordinary construction. Both the metal vessels and the generator 

present an inconsiderable surface to the atmosphere, and in this 

manner the inventor has sought to prevent any condensation in the 

generator of the steam already generated, as well as to prevent, 

generally, any disadvantage resulting from the radiation of caloric. 

The water is conveyed into Dr. Alban*8 generator, only in the 
quantity required to produce a given and continuing effect. For this 
purpose the forcing pump, by means of which the injections are 
supplied, is made to regulate itself in such a manner that it either 
moderates or entirely suspends the injection of water, according to 
the state of pressure in the generator. The steam generation is 
thus entirely independent of the management of the fire by the stoker, 
and is at all times subservient to the wants of the engine to which 
this apparatus may be applied. All possible danger would likewise 
be removed by this means, even in the absence of any safety valve. 
When it is required to stop the engine, it is only necessary to put 
the forcing pump out of action, and the generation of steam ceases 
of necessity. 

In order to prevent the metallic fusion from being overheated, in 
cases where a smaller supply of steam is required, or where a sus- 
pension of steam generation takes place, by the stoppage of the 
engine, or otherwise, the inventor has arranged a heat r^ulator, 
which regulates the intensity of the fire. This apparatus indicates 
the degree of temperature of the fusion^ upon which solely its action 
depends, and the generation of steam in the generator has no 
influence whatever upon it ; the regulator continuing to act when 
the generation of steam has ceased, on which account it is essenti- 
ally different from any heat regulator hitherto used. Its application 
is indispensable to this apparatus, in order to prevent so great 
a heating of the generating tubes as might occaaiion a decomposition 
of the water injected therein. 

The very great saving of fuel occasioned by this invention is 
acconnted for, partly in consequence of the steam being produced 
at 80 very high a pressure, and partly by the circumstance, that 
the metallic medium, when in a state of fusion, is one of the best 
conductors of heat in nature, receiving and collecting the heat 
within itself very quickly, and without loss, and thereafter giving 
it out in a concentrated form to the generator. Owing to the 
constant motion kept up among the hotter and colder parts of the 
metallic fusion, as in the case of heated water, the more heated 
portion having a tendency to iiscend^ while the cooler part descends^ 
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tit6 caloric is diambated very quickly and eqaably through the 
whole body. All coDgealnient of the metallic mediam is ormAed, 
by QBiDg such an admixture of metalii, as will fuse at a temperiitnra 
lower than that which the strain receives within tlie generator. - !■ 
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wdiMary boilers, the beat of the fire acts upon a bad coadactor of 
heat, water^ and upon a proportionable large body thereof^ the 
i;^«'»^"g with its heat cannot, therefore, be free or quick, and in 
order to produce any powerful effects, it is necessary to oppose 
« very large surface of the boiler to the action of the fire. 

For the reasons stated, it is, however, quite otherwise with 
this new apparatus for generating steam, and the surface opposed 
to the action of the fire is therefore considerably less, in proportion 
to the generation, than in ordinary boilers. The rapid generation 
ef steam, by this method, is likewise much favoured by the circnm* 
jAAnce, that water is injected in small quantities only, and is 
^stributed on all the sides of the generator. 

Figures 1, 2, and 3, are representations of the generating appa^ 
mtus, constructed in London, under the superintendance of the 
inventor. It has a double metal vessel, and two generators ; fig, 1« 
is a longitudinal section thereof, a a a, is the cast iron metal vessel. 
hhht the metallic mixture. Supported upon the lid or cover of Uie 
metal vessel, is the strong top of the generator, c c, containing a 
cylindrical chamber of two inches diameter; dddd, are the wrought 
iron generating tubes, suspended in the metallic fusion ; they are of 
If inch bore, and are screwed into the top c c, so that they may be 
tdcen out whenever they require cleaning, e, is the injection pipe» 
made of copper, through which the water is conducted into the 
generating tubes, over each of which a small hole is perforated. /» 
is the steam pipe, connected with the engine and the safety valve. 

Fig. $ is a transverse section of the double metal vessel ^ it is 
freely suspended in the furnace, and exposed on all its four sides 
and its ends, to the action of the fire, so that although it is but 4 
. feet long, 3i feet high, and, including the spacQ between each 
vessel, takes up only 9 inches in width, it ej^poses- to the fire 
a surface of sixty square feet, a a, is the double metal vessel j 
b by the two generators j cc, the two injection tubes, which are 
joined together externally, and communicate in one pipe to the 
forcing pump. This pump is of the usual construction) furnished 
with a lever and weight, which are raised by the engine, through 
any of the known means. If the production of steam in the genera- 
tor be too great for the wants of the engine, the pressure in the 
steam chamber will act against the injection, and the weight will be 
insufficient to force down the piston of the pump, which will thus 
remain inactive, until the pressure is diminished, by the ceasing of 
production and the expenditure of the engine. 

The heat regulator consists of two pipes filled with atmospheric 
air, one of each being inserted into each metal vessel,^?^. l, g^ and 
surrounded by the metallic medium ^ to both pipes, very, narrow 
tabes are fixed, fig. 1, h, and fig, 3, i, which are joined together 
externally into one tube, which opens inside the mercurial cisterii, 
fig. 3, a.; within the mercury therein contained^ is immersed a 
vertical tube b with a float c swimming on the top of the mercury. 
This float is connected, by means of the rod d, with the lever e, 
«nd acts by the rod^ upon the, damper g, which re^pulates the 

B B 
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draught of t^e fire in the ash-hole.' When the air in the pipes fig^ 
^>. ^ ^> becomes heated by the fusion^ it expands progressively ak 
this becomes hotter^ presses on the mercary in a, fig 3^ and caoseji 
it to ascend in the tube b. By the rising of the mercury, the float c 
is made to ascend likewise, and acts by the rod d on the lever e, 
iand^ thereby on the damper g^ so that should the temperature of the 
fnsion be greater than is required, it gradually closes the ur iiole il) 
the supply of air to the fire is thus prevented, and the heaths 
'consequently diminished.* 

Of all the intentions which have lately excited the public 
attention, perhaps none has been more the subject of discussio^^ 
than the apparatus patented in 18^3, and again (for improvemeotiB^) 
in 1825, by Mr. Samuel Brown, of London, and called ?Lgas vacuum 
engine. This engine is intended as a substitute for the steam 
engine, and is actuated by the inflamm§ition of hydrogen gas', 
which by its combustion in a vessel containing a portion pf atmos- 
pheric air, sufficient for the combustion of the hydrogen. The 
o!cygen of the air, then combining with the hydrogen, t<^ether 
fdrin water, which of course occupying a less space than these in 
their origind form, leave in the vessel a partial vacuum, the 
nitrogen of the air, and the impurities of that and the. hydrogen fgis 
only remaining. This vessel is made to communicate with the 
working cylinder, and the pressure of the atmosphere then acting 
«on the piston, puts it in motion, which motion is conHnued until 
the equilibrium is restored, between the interior of the: aforesaid 
vessel and the external atmosphere. But by using two -of sncb 
vessels, and repeating the process of inflammation alternately o> 
each, so that one of them may be giving motion to the piston, 
whilst the other is having its vacuum restored, the working part of 
thie engine may be constantly kept up. . 

The principle of forming a vacuum by these means, has been 
long, CgujBiliac to every one, the following simple experiment being 
i^jvld^h,. we dotibt not, each of our readers will remsiiber to have 
j^ixi when a child. Take a wine, or any other glass, small* enough 
';ti|3e covered on the top by the palm of the hand, and;~hityiog 
vj^I^ced a small piece of lighted paper on the middle of the palm, 
(taking care to protect the hand. from .being burnt,) then covering 
Jfiie burning paper with the mouth of the glass, by presnng the 
flatter against the hand, a partial vacuum is instantly formed, 
(by the combustion of the oxygen of the air in the glass,) Sufficient 
not only to prevent the glass from falling, when the palm of 
the' hand is tilrned downwards, but such as to reqtdre some 
litti#^foroe to remove it from its hold.*^ If this experiment be 
dextiero'usly performed, it will perhaps give some pain to a. delicate 
'hand, from the great force with which the pressure of the atmo- 
sphere presses the flesh into the glass. 
.^ Mr. BrowB*s engine is a modification of this principle, and will, 

^^'we^ doubt not, be fuUy understood by the follomng description. 

''■*■* ••« '■ 

• Register of thi^ Arts, vol. ill. pp. 114-17. ^ 
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Inflammable gas is introduced along- a pipe into an open cylinder 
or vessel^ whilst a flame placed on the ontside of, but near to the 
cylinder is constantly kept burning, and at times comes in contact 
with and ignites the gas therein ; the cylinder is then closed air- 
tight, and the flame is prevented from communicating with the gas 
in the cylinder. The gas contiiiues to flow into the cylinder for a 
short space of (ime, then it is stopped off; during that time, it acts 
by its combustion upon the air within the cylinder and at the same 
time a part <fif the rarified air Scapes through one or more valves, — 
and thus a vacuum is effected. The vessel, or cylinder, is kept cool 
by water. Several mechanical means may be contnved, to bring 
the above combination into nse, in effecting the vacuum with inflam- 
mable gasi and on the same principle it may be done in one, two, 
or more cylinders or vessels. Having a vacuum effected by the 
above ctabination, and some mechanical contrivance^ powers ate 
produced by its application to madiinery in several ways. Firsts 
water- wheals may b« turned ; secondly, water may be raised 3 and> 
thirdly, pistetis may be ix^orked. 

Description of the Engine as used for turning a n^ater^wheeL-^ 
The two cylinders e vna d are the vessels in^wjiich' the vacuum 
is to be effected} from these descend the pipes ^'JTj^ and hjh 
leading into the lower cylinders jp x, from which the water rises 
along those pipes to fill the vacuum cylinders alternately. The 
water thus supplied is discharged through the pipes B into the tank 
or trough jr^ w1|ence it falls npon the overshot vrater-vrheel, and by 
the rotatory motion thus produced, gives power to such machinery 
as may be connected to It. The wa^r runs from the wheels along a 
case surrounding the lower half, into a reservoir v, from which the 
l{>wer cylinders a x are alternately supplied. 

In order to produce the vacuum, the necessary quantity of gas is 
supplied to the cylinders by means of the pipe kkh, to be eonveni- 
ently attai;hcd to a gasometer, llie gas also passes along' the small 
pipe //, (communicating likewise with the gasometer^ and. being 
lighted at both ends of that pipe, is constantly burning for the 
purpose of igniUng the gas witlun the cylinders. 

. The water in the reservoir v passing down one of the plp^ ^ 
intoene of the lower cylinders x, causes the.fldiity in that.cytiAder 
to rise, and poshing up the rod raises the end b of the beam, 
wludi of conrse draws up with it the cap/^ and forces down the (cap 
e of the other cylinder c. 

'{.TBe gas being adsiitted along the pipe h, the flame from the 
pipe 7 is now freely, communicated to the gas in the: cylinder 
through the orifice, l^the opening of the sliding valves, Which is 
raised by the arm r lifted by the rod by means of the beam. * .\ ■. 

To produce the intermitting action of each cylinder, soioae aub- 
ordinate machinery is put in operation, by chuns and rods at^t^M^ed 
to a glass or iron vessel/},; partly filled with mercury, and, tufbiiig 
npon ft pivot, each end receives its movements of elevation, and de- 
pitHitm, from the rise and fall of the projectihg^ arms g, by^tile 
action of the beam above; the mercury being inmished fbr the 
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fmrpote of Mgolating tbe supply of the gas into tlie cylinders, and 
Che moTement of the slide m the trough v. By the action thus 
€X>mmuiiicated> the water from the reservoir flows down the pipe ui 
into the vessel s, and produces the elevation of the float y and the 
rod n, and raises the cap e by the ascent of the beam at a. 

The motion thus caused in this part of the machinery, operating 
upon its duplicate parts on the other side, of course produces by its 
mction a corresponding movement ; and the slider in the trough r, 
noved by the action of the mercurial tube p, being removed from its 
position, allows* the water to fall into the other pipe w, and as it 
ascends suffers the float y to descend, and rising into the main cylin- 
der, thus Ufts again the beam at 6, and its connections, and forces 
down the cap e on the top of the other cylinder. 

After the vacuum is effected in the cylinders, the air must be ad- 
mitted to allow the water to be discharged and the caps to be raised : 
this is accomplished by means of a sliding valve in the air pipe m m, 
acted upon by chains / /, attached to the floats in the reservoir, and 
as motion is given to them the valve is made to slide backwards and 
^^Qrwards, so as to allow of the free admission of atmospheric air. 

Chains u u with suspended weights open the cocks in the pipe 
Jk k, and produce the alternate flow of the gas, and regulate and 
modify its supply. 

In the pipes gig and hj h are clacks to prevent the return 6t 
the water when the air is admitted into the cylinders.* 

When pistons are worked, the vacuum is effected (in the inanner 
above described) under the piston, which is then pressed down by 
the weight of the atmosphere, and as an engine of that description 
is worked with two cylinders and pistons, the vacuum being pro- 
duced in each cylinder alternately, the fall of one piston raises, the 
other,- and, being alternately pressed down, the piston rods give 
motion to the crank and fly-wheel. The air is admitted through 
large valves in the piston, and through orifices in the cylinders. 
An engine may be worked with one piston, the vacuum being 
produced in two cylinders (as in the water engine), from which a 
pipe communicates with a third cylinder in which the piston works, 
and into which the air is admitted alternately under and over the 
piston, while the vacuum extends to its opposite sides. By this 
contrivance a much greater rapidity of motion may be given to the 
piston if required. 

The ways being therefore explained, in which, by the pressur^ 
of the air, the vacuum produced (and continued) is applied to usefnl 
purposes, Mr. Brown claims to be the inventor of the combination 
above described for effecting a vacuum, however much it may be 
varied by the mechanical means with which it may be used, and also 
the inventor of applyinjj a vacuum produced by the combustion (^ 
inflammable gas, to raising water, and to tbe production of motion 
in machinery by the pressure of the atmosphere. 

The different scientific journals were much divided, as to the 
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resnlt of Mr. Brown's experiments : not that any one q^oeslioned tlie 
effective operation of an engine on this principle^ that having beeD 
dearly established by actual construction, ^oon after the pnblicatioBi 
of the scheme; the question simply being, whether the apparatus 
conid be purchased and maintained, at a less or at a greater costy 
than the steam on the most approved construction, it would be 
needless to repeat the various inquiries on this subject, nearly all of 
tLem having been merely theoretical, and some of them written by 
persons, unable to calculate from all the facts of the case. We have 
before us the report of a committee, appointed by the shareholders 
of a company called the '^ Canal Gas Engine Company,'* formect 
expressly for the purpose of trying on a large scale, and if practi- 
cable, of bringing into general use, Mr. Brown *s engine. MK 
Routh, a director, stated that " They had been appointed to 
ascertain the practicability of Mr. Brown's engine, for the ap^plic^r 
tion of gas instead of steam, to the propulsion of vessels either oo 
canals or navigable rivers. Two experiments had been made 3 the 
one on the 1st of January, and the other the day previous, under 
the inspection of the committee. The gentlemen who we^e 
entrusted to examine and report to the shareholders, differed 
^eatly in their opinions derived from those experiments ; but they 
were now ready to state their individual opinions on the subject^ 
which was certainly one of great national importance. The day on 
which the first experiment was made, being extremely boisterous^ 
was particularly unfavourable to the performance of the exp^im'ent, 
inasmuch as the boat itself was leaky, and the machinery defective. 
The boat then made way, but not in such a manner, as to giv^ 
a highly advantageous opinion of the powers of the engine. In the 
second experiment, however, it was in a more perfect state. The 
boat, which was started from Blackfriars Bridge, went at the rate 
of from seven to eight miles per hour, with, all the regularity 
of steam boats } the paddles moved as regularly ^ and it appeared 
the power of the engine might be sustained for any length of time by 
gas, as well as by steam. It was the opinion of most persons there, 
that the engine answered every purpose expected of it i and be 
owned, that, as far as power went, it was his own opinion. But 
he considered that the expense of procuring gas would entirely 
prevent its application as a prime mover instead of steam.- — It 
was said that gas could be readily and cheaply procured jb^^the 
decomposition of water; We understood the chairman to express 
himself of opinion, that this proposition had not been yet made ont. 
He was decidedly of opinion that the company ought to be dissolved. 
|n fact, it was impossible that it could go on. The sum of ratb^r 
more than 5^5000. had been subscribed. £1000. had been ^yen 
to Mr. Brown, for the share of his patent right in the invention; 
4^1000. more had been paid for constructing an engine^ under his 
superintendance, for the application of his principle, which had failed.^ 
There was £1700. locked up in the hands of their, bankers. Sir John 
Perring and Co. Then £300. was paid for a boat, and the remaining 
available funds were otherwise absorbed. The company qould not. 
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•'thetehre, proceed without another call, which could not of course be 

-niade^ or, if made, attended to.*' 

On 'the other hand, it was stated by Mr. Brown, ** that the 

. experiment had succeeded to the full extent contemplated by himself 
and friends. On the first time of the experiment, the engine itself 

.was not got into any state of . completeness, until the nidnight 

' preceding the morning of trial, and they accidentally run the boet <m 
shore, and stove in her side. They had to make the experiment on 

'a boisterous day, and before this accident was repaired, the paddle- 

« wheel was found to be too small, and deficient in power. A secodd 

' experiment was made on the river, before &e Lords of the 
Admiralty and a number of scientific men, and the result was such 

• as to decide their minds in favour of its eligibility. He would state 

' further, that it would, without doubt, be adopted.*** He did not, 
however, shew by figures or any other calculation, that gas could be 
obtained at such a cost, as to allow a fair competition with the 
steam engine : and we are therefore inclined to give full credit to 
the statements of the chairman and directors, namely, '* thai the 
expense of procuring gas, would entirely supersede its application 
as a prime mover instead of steam,*' 

I^TtottS to the year 1S23 carbonic acid had never been exhibited 
but iii the gaseous or aeriform state, and it was a commonly received 
opiiuoa^ that no degree of pressure or of cold would cause it to 

^ assume a more concentrated form ; in the early part of that year^ 
however, Mr. Faraday of the Royal Society, under the direction of 

- its illustrious president. Sir H. Davy, succeeded in reducing it (as 

: well' as several other gases) into a liquid state, by the d^chanical 
pressure of a condensing pump. 

This liquid^ at the temperature of freezing water, iu its endeavour 

: le assume the aeriform state, exerts an expansive force equal to 80 

atmospheres 3 at ordinary temperatures, a force of from 40 to W 

atmospheres; and on a heat of only 130° Fah. being applied the 

force is increased to 90 atmospheres 3 the pressure increasing in a 

. . similar ratio for higher degrees of heat 3 in other words, at the rate 

. of about 11 or 12 pounds increased pressure upon the inch, for every 

' single additional degree of heat. 

To construct an apparatus by which a power so immense, and 
apparently so economical, might be rendered available, like thesteain 

(eDgthe> as a first mover to all kinds of machinery, we may easily 
conceive lias occupied the attention and study of many, of the most 
scientific and clever men^ not only of this, but of every country in the 
civilized world} since it cannot be doubted that the paper of Sir H. 
Davy, '* on the application of liquids formed by the condensation of 
gases as mechanical agents,** has been published every where, and 
translated into' the languages of all countries where mechanics is 
studied as a science. Nearly four years have intervened since the 

• publication of the important facts detailed in the paper alluded to, 
during which period, not only individual talent, but the abilities of 

' 4 • ■ • 

* Public Ledger. 
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<me of our first chemisU have been united with those of one of otfr 
most eminent engineers for the accomplishment of this great deside- 
ratam. In this honourable spirit of rivalry, the talents of Mr. M. 
I. Brunei have been employed ^ and notwithstanding the attention 
raqnisite to his other great works now in progress, he has found the 
time, and the means, by a few simple and admirable combinations, 
to outstrip in the career all his contemporaries 3 and to present to 
the world the first carbonic acid or expansive gas engine. 

It is proper that we should here remark, that the patent right for 
Mr. Brnners apparatus is not limited to the employment of carbonic 
acid, but that it extends to ail liquids which ar^ the result of 
the condensation of the gases. The preference being however 
given to the former, we may perhaps infer that the engine we have 
to describe, is better adapted to the peculiar properties of carbonic 
acid gas, than to those of the others. Carbonic acid gas may be 
obtained by decomposing any of the carbonates by the action of the 
common acids. The mode of obtaining the liquid from the gas, is by 
fortAing the gas under a gasometer, and condensing it afterwards in 
another vessel by means of a condensing pump, and continning the 
operation until it passes to the liquid state. 

The apparatus, as shewn at fig. 2, consists of five distinct 
cylindrical vessels; the two exterior vesseb a and b contain tbe 
^ carbonic acid reduced to the liquid form, and are called the receivers; 
from these it passes into the two adjoining vessels c and d, termed 
ejifpaneian vessels ; these last, having tubes of communication with tke 
working cylinder e, the piston therein (shewn by dots) is operated 
4xpen by the alternate expansion and condensation of the gas, giving 
motion to the rod /, and consequently to whatever machinery wuvf 
be attached thereto. 

As the working cylinder e is of the usual construction, no* further 
description of that part of the apparatus is necessary; and as .the 
wo vessels on one side of the cylinder, are precisely similar to 
those on the other, a -description of the receiver a, and the expanaioa 
vessel cr, will apply to their counterparts b and d; the two foriMr, 
(a and c) are therefore given in a separate fig. (I) on a larger scale, 
in section, that their construction may be seeur and their operadcNi 
better understood. The same letters of reference designate the like 
parts in both figures. 

The communication of the condensing pump (before mentioned) 
with the receiver a, is through the orifice g',. which can be stopped 
at pleasure by the plug or stop cock h. When the receiver has 
been charged with the liquid and closed, a pipe t is applied to, and 
connected to the expansion vessel c at ^. / / is a lining of wood 
(mahogany) or other non-conductor of heat, to prevent the absorp- 
tion which would otherwise be occasioned, by the thick substance ef 
the metal. The expansion vessel is connected through a pipe m, to 
the working cylinder e ; these vessels contain oil, or any other siul« 
able fluid, shewn at n, as a medium between the gas and the pistoft. 

The receiver is a strong gun-metal vessel, of considerable thiei^' 
ness, in the interior of whidi are placed several thin copper tubes. 
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ns represented at ooo; tlie joints of these tDbes, through the top 
a'Ad bottoin'of the receiver, Hre made perfectly tight by uackhi;. 
The use of these tubes is to apply alternately, heat and cold to thi 
liq^iiiil contaloed in the receiver, without altering rery sensibly the 
temperature of the cylinder. The operation of henting and cooling 
thrbogh the thin tubes ooo, may be effected with wBrm wattfj 
steam, or any other heating medium ; and cold water, oraiiy-otfaW' 
cooling medium. For this purpose the tubes ooo are united bj 
a chamber and cock pp, by the opeoing of which, with the pipes out, 
hot and cold water may alternately be let in and forced throtigh, bf 
mcaDS of pumps, the cocks being worked in a similar manntr 
to those in steam engines. - '> 

Now if hot water, say at 120°, is let in through the tn1)es of tfae 
receiver a, and cold water at the same time through the receiver d, 
the liquid in the first receiver will operate with a force of about 90 
attaospheres, while the liquid in the receiver 6 will only exert afbrce 
of 40 or 50 atmospheres. The diETerence between these two 
pressures will therefore be the acting power, which through the 
medium of the oil, will operate upon the piston in the working 
cylinder. It is easy to comprehend that, by letting hot wate# 
through the receiver i, aod cold water through the opposite one ai 
a re-action will take place, which will produce in thi wnrUi^ 
cylinder e, an alternate movement of the piston, applicable by th« 
rod /*, to various mechanical purposes as may be required.* " ' 

We faa-ve mentioned more than once in the course of this work, 
that metallic pistons have been considered as a very nsefnl sidKrti' 
tiite for those which are packed with herap or cotton. We have 
already given, at psge 76, a description of one invented by Mr, 
Cartwright, which, as we observed, is continued to be osed totbli 
day. We are now aboot to describe that of Mr- Barton, patented 
in 1816, and explained as follows. 

The annexed figure gives a horizontal section 
of Mr. Barton's piston. It is composed of three 
■egdients a a a, forming together a circle, they . 
are made either of brass, or cast steel, hardened f 
and tempered. These segments are preserved in 
■ their places by three triangular metal wedges bi 6, 
which act equally upon them by the pressure of 
three strong helical springs ccc working over 
three steel pins (not shewn). When the segments become won, 
the wedges are protruded forward by the force of the springs, and 
hll up the space they would otherwise leave anoccnpied ; by which b 
perfectly dose contact is uniformly preserved for a very considerable 
period of time. 

On the exterior or periphery of the circle formed by the segments 
and wedges, three grooves are made all round ; the upper and lower 
are to contain two metal rings with a cleft across each, which jost 
At flush iiito them ; these serve to keep the several parts together, 

• Kegistef of Arts and ScEenees, vol. iU. pp. 2S8-60. • ^ 
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to ;a8 to prevent any displacement in putting in or taking oat the 
pi^n from the cylinder. The middle groove is for the purpose of 
noting grease or oil to lobricate the piston and cylinder* 

. Mr^t Barton has socceeded in bringing this kind of piston into nse 
scniewhiit extensively^ and has obtained the certificates of several 
y^speotabl^ persons^ as to its effectiveness and utility : from among 
tli^sw we quote the authority of Messrs. Thomhill and Morley^ of 
^w Boi^d Street, who state, that previous to the adoption of 
tfji:. 3**8 piston, they required the steam to be raised in the boiler^ 
tQ. the pressure of 73ibs. on the inch 5 but that since that time, thdr 
engjioe.can do more work. with the steam at 43lbs. only, and that 
daring three years they had not a single stoppage, as it continued 
pfirfectly tight. 

The objection which is urged against this piston is, that the 
wedges 6 bo, advancing forward as they become worn, quicker than 
tlie segments aaa^ there will be a tendency in them to cut grooves 
in the cylinder, by their points constantly working up and down^ 
oc that if they should not produce this effect, ' then they will be 
pi:eTented (by the resistance of the cylinder) from forcing out the 
Mgments^ so OS to keep them tight against the sides, and thereby 
prevent the steam from escaping past them. It is also contended, 
^t as the segments are worn away, they will not fit closely to the 
^C^Q of the cylinder, because the curvature of a small circle, never 
can be in contact with that of a larger, excepting in one point* In 
Hifij to these objections, the inventor appeals to the^ actual experi- 
nuent, and certainly it appears that practice has not warranted these 
CQpiiClnsions, it being found, that those points which are most 
.forcibly pressed against the cylinder, are soonest worn away, and 
tl^erefoils^ that the points of the wedges, and those parts of the 
IK^nients which ar^ most forcibly pressed against the cylinder, are 
sooner removed by this self correcting process ; so that the whole 
is kept perfectly circular, and in close contact with the cylinder. 

A patent was also obtained by Mr. William Jessop, of Bntterky, 
Derby, ^r a metallic piston, which is formed only of one piece,, of 
a^jslfira figure, as below. 




. ;. The piston is first to be bound round with hempen packing, as a 
bed for the metallic portion, and to prevent the escape of the steam* 
The spiral spring is placed between the npper and lower plates of 
the piston, /^voiigh which screw bolts are passed, and by turning the 
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nuts^ the plates are brought nearer to one another, and the metallic 
coils lire thereby pressed closely together* Thos restrained above 
and bdow, the metallic coil is to e^paiid add contract laterally 
against, the aides of the cylinder^ and while it thaUc^^^tually prevent 
the escape of the steam, to press with the requisite Ime^ uniformly, 
so aa to produce very little mction, . ' : 

Qi^ tms ^lan it may be said, that tbp^h th^ metibodof tighten** 
ing the, packing as it wears, is sample ind ei^^ yet: it 4o^ *l^ 
olmate one of the objections against bempen packiij^^ ^nSedy^ 'Ibe 
danger that a careless, or even an experienced wo^tpmad, may 
screw it dpwn so tight, as tbiftt, nearly afi t^ P^F^^ ^' ^^® engine 
will be absorbed by giving motion to the piston. . Thovu^h perhaps this 
will appear a matter of trifling importance, as it wilf be answered, 
that such a fault can be easily corrected, yet it is found, that many 
enginemen are extremely careless on these matters, so that it 
is desirable, if possible, to have the piston of such a construction, 
as to be entirely out of their power. However, in the hands of 
an ingenious and attentive engineman, these pistons are found tp^be 
very useful and economical. 

A great variety of forms have been given to the metallic piston ; 
generally, however, they partake in some degree, of the principles 
of those described. 

A patent was obtained in 1823 for a Rotative Engine, by Messrs, 
Beningfield and Beal, of London, which resembled in principle those 
of Messrs. Cartwrigbt, Malam, Routledge, and Chapman, it diffQprs> 
however, from most of .these in some points^ namely, that its ^-t 
ternal cylinder revolves whilst the interior one is stationary^,, aiid 
. the motion is communicated to the machinery by a spur whe^l on 
the cylinder working into another spur wheel on the shaft. - l^e 
internal arrangements of the engine approach nearest to Chap.mati*8 
(page 150) of any of the above engines, the difference beiog t|iat 
the leaves or valves are nxed to the exterior c^inder, jand the 
piston or steam -stop to the interior cylinder. There are. ipany 
ingenious contrivances for the simple working of the different paits# 
and for keeping the whole apparatus steam-tight without much fric- 
tion ; and judging from the small engine which we have fr(e;qiiently 
seen in operation, and which has been Working for nearly three years 
at the manufactory of Beningiield and Co. we are inclined tojadge 
more favourably o£ this rotative engine than any we have yet noticed; 
On a small scale there is no doubt of its utility, and we can see no 
reason why a large engine should not be found effective. 

Captain Walter Foreman, of Bath, obtained a patent in 1894, for 
a Rotative Engine, which is thus described. 

Fig. 1 i« a side view of the steam wheel, with the casing removed 
to shew the situation and construction of the valves, and their mode 
of action in the steam-way. a a is the steam wheel revolving upon 
its axis 6, cdefgh are six flap valves, having steam-tig^t joints, 
and fixed to six blocks, on the periphery of the steam wheel j tl^ree 
of the valves are shewn open^smd three closed, i is a fixed stop for 
arresting the course of the siteam j it is composed of an upper and 
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lower piece accurately fitting the sides of the cbamber, and coDoected 
t(wether by means of screw bolti<, bo contrived as to admit of an easy 
A^astment when tlie lower carved surface idby become worn, bytiie 
friction of the periphery of the steam wheel in its revolotion. o is 
the ami- friction roller fixed to n springing curved arm, and screwed 
to the stop i. 

Fig. 2 is A vertical section of fig. 1 through the axil} aa the 
steam wheel, i the axis, g- h two valves, by which is seen their 
tapering fignre, and the conical form of the casing which eocloses 
them ; the lower valve is shewn as closing the steam-way, and tbe 
npper one as leaving it open. It will now be perceived that the 
Talves from this peculiar shape do not, when moving backwards or 
forwards, even touch the sides of the casing, cousequently all friction 
in those parts is obviated ; the dotted iines in the upper valve, are 
intended to illustrate this observation, as they describe the coarse of 
the extreme edge of the valre, when in the act of opening or shutting 
tlie steam-way, . 

The mode of operation with this engine is as follows r steun as 
admitted by the tobej, which immediately fills op the space between 
the stop I and the valve c, and the latter yielding to the expansive 
force of the vaponr, gives motion to the wheel aa; when, in the 
revolution, the vnlve h takes the place of c, the Sap of h (swinging 
upon its joint! falls by its gravity into the same position ; the steam 
then acts sgainst it in like manner as c, and successively the valves 
gfed in rotation, as fast as the wheel revolves, the steam finally 
escaping at the pipe h ; the friction-roller o pressing down each flap, 
as they pass under its operation against, the periphery of the steam 
Wheel-* 

The only novelty in this engine is the form of the valves, which 
are not rectangalar like those of other rotative engines on a similar 
prindple, but taper outwards. The reason of their being of thi* 

■ BegisterofArtaandSdences, voLtU. p.21T. 
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form ifj that there may be no friction from their sides rubbing against 
the lids ol the cylinder, except when they are opened out as at c de^r 
and faj^WBr^ that as they become worn it is calculated they will still 
continue ti^, because all the three bearing sides will, by being a 
little further opened, press upon the several surfaces oyer vmch they 
pass, and so continue to be steam-tight. Though, perhaps, a valve 
of this form, acting in a circular channel of the shape here given, 
may continue steam-tight for a great length of time, yet it uniortn- 
nately happens that a leakage is produced in another way by the 
wearing of these valves, as great, if not greater than could have been 
by the wearing of rectangular valves. 
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These valves must, in order to pass under the steam stop, fall 
into recesses in the interior cylinder of the form of fig. 1, and if verv 
accurately fitted to the sides of the recess (a very difficult operation) 
may at first be tolerably steam-tight, but by the continued wearing 
of the three working sides of the valve, ab, b c, and d e, against the 
cylinder and lids, the valve then will become too small for the recess^ 
and appear when shut as in fitf. ^. Now, supposing the stop, t, to 
be represented by the dotted lines, it will be evident that whilst the 
stop and valve are, as there shown, the steam can freely enter the 
opening between the valve and the sides of the recess, and escape 
through that opening (say from ato b). Therefore, as there is at 
all times one or other of these valves under the steam stop, the 
leakage of course will be constant, and in a short time so great as to 
render the engine quite ineffective and useless. Of the great friction 
we say nothing, having already treated of that when speaking of the 
engines which nearly resemble this in all the points except the 
variation here described. 

A patent was obtained in 18^5, by Mr. Joseph Eve, (late of the - 
United States, but now of Liverpool,) for a Rotatory Engine, the 
following description of which^we extract from his specification. 

" Fig. 1 presents an end section, fig. 2 a longitudinal section of 
the said engine, on the simplest manner of construction. The same 
letters refer to similar parts in all the figures. 

'' aavxe the cylinder and cone, revolving in contact in opposite 
directions, the cone having one groove and being one third of the^ 
diameter of the cylinder, which latter has three wings or pistons' 
ace, the ends of which as they revolve, touch the outer case e, 
and do not admit any steam to pass. The steam is admitted 
through the pipe f, and acting on the wing c, causes the cylinder 
to revolve antil the said wing passes the pipe g, when the stratum 
of steam lodged between each two wbgs^ is allowed to escape. 
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The wing, which has tlms passed, falls into the groove d of the 
cone, the bottom of which groove it touches in passing^, thus 
allowing no steam to escape between. The said wing c then passes 
again by the steam pipe /, and is acted upon as before described^ 
and so on in rotation. The cylinder a, which is firmly Axed to its 
aans b, tests on one side on the outer case e, through which tke 
axis projects, but as there is some friction produced by the revolii- 
tion of Uie said cylinder at its two ends touching the outer case, I 
have placed a false end hh under the opposite end of the cylinder, 
which fUise end slides on^ the axis b freely, and has a thread cut at 
the end, by means of which and the adjusting nut {, the cylinder, 
if worn at the two ends, can be easily tightened and adjusted. 
The acyusting nut is confined by the collar k, which collar b 
Screwed to the outer case. The conical shape of the small runnM", 
mlkA can ^likewise be moved upwards or mwnwaids intiMi oaUr 
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case^ serves to keep the two convex surfaces of tbe cylinder and 
cone in contact. 

** The groove d in the conical ranner^ is cut into a separate 
piece of metal^ which slides by an adjusting screw o up and down> 
so that when the engine is adjusted^ the. groove d, on the piece of 
metal, into which the said groove is cut, can be inoved up and 
down^ so as to fit the wiugs of the cylinder. 

** Letters nn in fig;_^> present two cpg-wheels running into 
each other^ attached on the outside of the engine to the axis of the 
cylinder and cone« placed there for the purpose of producing . a 
corresponding revolution of the said cylinder and cone> thus causing 
the groove of the cone to. present itself regularly to the wings of the 
cylinder 5 o is a pinion fixed to the other end of the axis> by means 
of which any machinery can be put into motion. 

'^ Another variety of constituting a steam engine on this principle 
is shewn by an end section view in fig. 5^ and an external view in 
fig. 6. This engine has a cylinder with two sipall conical runners on 
each side, the said conical runners being of the same cont^fpctipn 
as before described, with one groove cut into each, and being one 
third of the diameter of the cylinder. There are two. induction and 
two eduction steam pipes, and, although the engine may be, with 
the exception of the addition of one of the conical runners, exactly 
of the same size as the one first described, a double quantity of 
steam is requisite, and twice the power of the former engine is 
giuned : the steam enters tbroifgh the pipe/* a, and acts on the 
wing c, which after having passed p^e g where the steam 
escapes, falls into the groove d of the lower con^, and appearing 
at the induction steam pipe/*^, is loaded again with steam pressure, 
which it discharges at tbe second eduction pipe g-o, anti then enters 
the groove of the upper cone, after haying passed which it is loaded 
again at the first- mentioned induction pipe. 

^* Letters m m are bridges, by which the spindles on axis h bb iure 
supported. This engine has three cog-wheels n n it attached to the 
three spindles, so as to cause the cylinder and cones to revolve in 
unison, and like the first described engine, a pinion on the opposite 
ejad. ofthe axis of the cylinder. Fig. 7 shows an end section 5 fig.-B 
ft longitudinal section; and 'fig. 9 an external view. 

/f The two. conical rnnbers in this engine are of an equal length 
, ainl .di^metet/ each has two wings- or pistons attached^ and two 
'groovjes.cut.liito it, and in revolving in opposite directions, the 
:^t)g of one runner falls alternately into the groove of the oUier. 
The steKm enters by pipe f, and as the cylinders are running, in 
. contact, it cannot escape between them, but acts upon the two wings 
, In opposite directions, and escapes at the eduction pipe^, after the 
oSaid wings have passed the same. By reference to f^.'d, -wliich 
, l^presents a longitudinal section, it will be seen that the two cones 
.bave'eaeh two false ends j9j9, sliding freely on their spindles; the 
rjtwp outer cases e« fit over the runners and their wings 'exactly/ each 
. oC.ihe four false ends has an adjusting nut by which the' engine is 
.tightened. if .steam. should escape, or slackened if it should nin^oo 
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li|^.- Eacfajpair of the ftlse'ends^ wbere they joiii/bateaphiMi 
tmf Gonaecfft them and breaks their Jqiiits, sou to prevent eM!a|letpf 
^e!ste, this plate ^ slides Into the groove r cut ont of the false elida^ 
i#'fethiliit6d by fig. 3"an'd fig. 4, the fiH'mer showing an end tieW of 
lilie fals^ etkds with the connecting plate in the middle. Ontheae 
false ends pacldng rings, SS f^9 which are confined to thevlidtiig 
eAate as exhibited in the latter figare, are placed. These rings preit 
againMi the Hollow oater cases, and prevent any steam escajiing W 
them. These packing rings are shown in seetaoo, in fig. 8. it Will 
be'evidecit ihat the false ends need not be made tme, if the conitoc-^ 
tiriSg plates and packing rings as above described, are adopted, -uid 
that the engine, if provided with moveable false ends, conical i^'ntt^« 
iid the alim described connecting plates, and packing rinss att«<!liedi 
lis ahown in fig. 8, can always be kept steam-tight, and by use,, this 
Vfl^n« parts on which there is any friction, will fit better.*** 

A patent was obtained in 18^6, by Lonis Joseph Marie, MarGnA 
de <9ombrs, of London, for an improved Rotary Elh|^fie^ th^ pHd^ila 
tf whicb is^ a^ folk>ws :— 

* '' A' piston is made to circalate within a vertical hollow rhig^ 6y 
Mrinh aoBTtted alterliafeely at two opposite points of the diametiBr o(F 
Ih^ laker, and disdiarged through perforations in the central ^Mti 
tf tlie pistdo, and In'ifii^ttbidaribLis; which hollow ring is sej^JfiM 
into two equal portiiobVi'by sliding valves, that pns^ acrols ^ bMl^ 
(^ tiy the aifle> at its difrerent sides, and which are withdrawn M^ 
Ir^idveljr as riie pistpik apj^iu^hes to them, and are iatstaiitly re|iliiMi 
lia «M>n as tt has jmsscMi. ' . 

' . '' ThJe Ifbftii of tfa^ ctite, that contains this hollow ring, 'flMgr Ik 
^nceived b^ supiKwiif^ it flat e;flinder with tts' angles hwndM d|l|^ 
from Which rectkiieillai^tti^i^es |Mrdjdct at opposite sides of ita dtamistciv 
ib contdk the ifidii^ ^lOv^. This case is divided into two tmil 
j^Mions, bjr a s^ofithr^lTthe middle of the axis of its cflMiet, 
Imd at rMit ani^eii t^'i^/ ieactt of wMoh portions is again divide<l.i^ 
two etptai pai^'hf^iitRe^ fljeetion, that passes in the plane of/^ie 
mxts, and t^ovgK ^miirtit of tie valve recq;>tacles ; the four pi6oef . 
thtA formed by t^r Wo se^ibnsi are «|iited together by screwMila 
i^d natri, ^i^s^d tXtOQgh flandies cast on them for their ireccfption. 
A perforation is nujide uiroagh the middle of the eylbder in t^e iilM 
'hi its. ajtis; . vMi^e ^^ibater is between tkree and four tindeQ jfr^iMr 
than th>it'^ the Evolving axle of the enffine that passes tfirdntff its 
centre;: miiil at equal dif ti^^s from it, all round cloM to the' slices of 
the'^cylibder is fdrdied iW annular cavity, or hollow ring, in wUA 
the mton DbQi^^; ; "^^ ^ ; 

* ' Y "^b® >3cfe of the engine piro}ects a consideiid)le distance bnigrittid 
<1i^ M^fAdei* at eaeK ride, tontlow space on it aaffitient for ti^p Ife* 
ception of the oiain who^l (hvi^ch it gives motion to the mM^^teis 
wfth wliith it is cbiiAe^ed;) for the fly-wheel^ and for the ptntS ^^ 
impel the appahLtus, wBidh woHls the sliding valves of thii Vdlow 
ring, and (hoteof the sfeambox which commiudbiytea with the doM- 
ilte aid^s of it« diamet^. l«'thd middle ^f Jiis axle is a boij;-or 

^ " ' ' • -^ I - • • ■ ■■ • I " i • , . j i g , . ti . • I « ■ n, I. ■ - 
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^d part, of the full diun^er of the perforation of the Gylinder; 

ttlv of tUa Ihickneu >«liich ia foand necessary for an btAi, tiut 
pma^lrom itUi tbepifjaa atriglitangles totheuile, whoaebrudth 
ne^Uftei its size; aod for the reVolijlion of wblch, .alop^ with the 
IHftABi .^ circnlor cavitjr ii left between the two lateral difiitoiia M>f 
tlMt.cyliader. , 

,'. '^ To make tlie cavities steam tight at each side of the hosa roand 
tin; ^le, there iit first a layer of hemp packing put in close to it at 
Mw^ tide; secondly, a cylindrical piece is placed over that, ronnd the 
^^th ivhich closely Alls up the whole central perforation through the 
cy^a^rical patt of the case, in (be external portion of which piece & 
tu^jfttf ^^us is formed, with its apex next the boss, from the top ot 
ifjufli ears-pnyect at each pide, through which screws pass that draw 
It towards toe cuae, and thereby compress the packing between it and 
t^e bosB-; and, thirdly, a conical piece, perforated to receive the axle 
i4;it>; centre, and gronnd so as to fit tbe conical cavity truly, is placed 
•ver the hole, and connected by sliding side pieces to the Qxle so aa 
to tarn along with it ; while from other pieces, also attached to the 
«if Ity ^c^ews parallel to it project so as to press it .towards the centre. 
J '' Tt^e piston (which is called a sule by tbe patentee) is made 
tfqun tight by two layers of metallic packing, (each formed of three 
fiegnenti of a circle equal to it, having three triangular pieces pressed 
i^^thq.angnlar cavities, formed at their points of jonction hjr helical 
if^og* tltat pi;oceeiI from tbe centre,) whote principal [deces are ao 
nranged, that the joinings in one layer are covered by the middle 
' l^rta of those in tlie other layer. And the sliding vatrea thst pass 
4^pf«,thecase horizontally through the hollovr ring to the axle are 
initde steam tight at the sides, by fittioK closelv to the parts of the 
case through which they pass, and next the axle by a metallic packing 
pcessed toviards the latter by springsj and as it is expedient that tbue 
valves should be ibin, that the piston may pasft tbe cavities throng^b 
ifliiclL they slide, wiUi more facility, to give them at tbe same tinfe 
u^pent strenglh, riba are fixed to their faces in the direction of 
{heir notion, for which there are corresponding grooves formed in 
tkje projections of ihe case, into which they are received, which pro- 
jections E):tend sufficiently to enclose tbem at every side, only being 
.perforated opposite the middle line of the slides, to allow of tbe 
^passi^e of rods, that proceed from them through stuffing boxet, 
gUDuiurly lo piston rods, by wbiCh rods they receive their motion. 
^^ J.''< Tocgoaect^thQ pain wheel with the axle, two circular discs 
ara%xed to the latter, so that one of tbem may be pressed toward 
Mdie, other, by screws from other parts proceeding from the axle; and 
' k'*F!¥'''' 'vheel b^ng 'placed between these discs, witb its centre on 
,^|eJBye, is so .cff>i^)ressed between them, thitt it revolves linth theia, 
^.Joas asjthe resistance of the work lo which it is applied is leas 
n^bmjl^ cauBj^ by. the pressure or friction of tbe discs; bnt shbnld 
,^ie:forner becpme tbe" greatest from any accidental obBtmction, the 
^^a^^-^ill pass ron^d withoiit moving the main wheel ;^by «4ildi 
in^ns trie~ destruction of material parts of machinery will-be pre- 
vented which ia%^t ottterwi^o be liable. tQ q^m. 

" To one of Micse disc* jnst nieiitiwied^ m int toothed pbte ii 
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. mttached; whose sliape and teeth correspond with those of two ec- 

eeiitHc "^iral todtbed cams, one of Whieh is plaedd^nt'^acltiidfe of it, 

and from which connecting bars procee4 to crank pieees, that by 

these cams niove forward and retract the sliding valves of thehoUow 

ring, at the proper periods; at the parts of theses cams thatvre 

. farthest from their centres, the teeth are serrated, bot atthoee mfore 

centrical, where they approximate to the form of cirdesi; theteelii 

are similar to those iu common ase. - '^ r i 

*' The steam passes from the boiler, that is not described, by« 

lube furnished with a cock, (by which the passage can be cBmiatslied 

ee desited,) to a steam receptacle of a semi-annnlar form, aijd of 

abent the same siae as the hollow ring, which is placed panllM So 

this latter. From tlte opposite ends of this receptacle tnbes^^pasd So 

the hollow ring close to the sliding valves f in which tubes, w&fie 

they proceed from the receptacle, are fixed mother eliding Tidvet, 

called cocks by the paten t(ie, which are moved by a system of craak 

.levers and connecting bars, something similar to that used, fosf the 

valves of common steam engines, which receive their primai^^'iiii- 

• pulses from arms attached to the axle of the steam engine in tfueha 

manner, that the times and degree of their impulses may bvi^nried 

so as to diminish or increase the quantity of the steam admittdl So 

the engine, by a little apparatus fixed to the axle, which c6nld4sdt 

be well explained witboat a drawing. . < * .. rr^ " 

" These valves of the steam tubes, and the larger slices of titlte 

bolk>w ring, are moved so, by the means described, that as soon as 

the piston passes one of the latter and it becomes closed, the'iBtealb 

tttbet that enters the hollow ling close to this slider and betweeiT it 

and the piston, is opened, and the tube at the opposite side beeomas 

closed, which latter, in its turn, becomes opened as soon its^ the 

piston has passed it and the slide at the side dose adjoining^t -• J^ • 

'* The steam, after passing out from the hollow ring; througlf the 

perforation in the boss and the tubular passage in the axle bcfbA)- 

mentioned, enters a condensing vessel where the greatest part-iilf It 

is condensed into water, and. through a spiral tube or woVm 'in^ this 

vessel, rans from thence by a pipe into a closed reservoirv whiA 

communicates with the bottom of the pump that supplies the t^er| 

to which pump also another pipe rises from the cold water freO, 

which being below the level of the reservoir, the' water only asciiAdi 

from it, when the latter is empty; and when the boiler is 6u£idelitly 

full, the pipe of supply is closed by the risiDgofabalancod fklating 

weight. This pump is worked by a revolving crank, that comoitni* 

cates with the main axle, and which turns in a horitootal slot* In n 

piece attached to the top of its piston rod. • t ^ ' 

'' An open oil vessel is placed at the top of the hollow ring,^ from 

which a pipe passes into it that is closed by a^M;k made to torn 

round very slowly by a pinion att-ached to it, in which Another pillioti 

works; whose axis extends to one of the discs on the mainaxte 

where a wheel is fastened io it; into whidi a pin projecting from^thfe 

disc strikes^ mice in. each revolution of the latter, and moves 'it'for- 

jvards the ext^ of alsaigle:tootb«**^ ^:^' i ^ ' ^ 

'-•^•^ — "' '■ '■■ V ' l',> ' ^^--V^\v' ' ' :: ' iJi'.T ' JiiJ X-V^ * j:.j''r"r.!* « M' >: j • .ir * i,: '" r*> ' ivf/j:<* — 
RWripry of' Patent Inyentioiis, vol.iv. pp. «40-«k 
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<Tliis.eBgiMi oom/et neanst ki iU priodple, lo lliat.p«teiit«dJqr 
Miu Jowph Tonler in 1816^1 the iorm of the sliders ai|d pisto*^ 
tt^liellier witl| «oine of .the ii^terior arraBgements, being iieaily 
■HBilar. Some of tiie impFOvemeBts are very ingenioiiay andi >dii 
llie:whole, perhupi there is less liability to ipaste of steam: .but it 
is-Bort^ear, that toe great ofa^eotion to many rotary eagines^ namciy*. 
.Ae.^afeiftingofthesliders, will remain here in fall force. , 

We now come to describe the rotative for which the. author 
.ehlaitted a paUat in Pectmbeh Id36. 
•*: Hgurerli see Frontismcoe,' rqiresents an elevation of the exterior 
of this rotary engine, l^g^ 4 represents an end view; Fig. Srepre* 
•oito a sectiOA of Tig. S i Fig: 4 of Fig. I. am. Fig. 1, 3 and 4, 
Is the cylinder^ being accorately bored in the same manner as tlie 
.oytinder of other steam engines, .excepting that at the two ends there Is 
a rabbet. The flanges are also turned rectangnlariy to the cylindric 
taaftySoastobeiqttitesmoothandtrueontheirSttes. Thelid^oreapa, 
iii (1^2^ S), fllre turned on thdr flanges alsoj thev ai« then tttrMA 
-iit pcom tof* - At / they proiect ihwvds, and forai the eyIiaMc 
hlsess d d, (alao turned), until ^theynearlyBieet each othlsr in tile 
iatenorof the cylinder, leaving only a space of about two inches ki 
Inge engines, and a proportionably less one in smaller engiats. The 
Imed &nges of the lids being promid against the t^rufA flanges of 
the cylinder form a steam tiglS jcnning, whi<^ is made udditiOTaHy 
aecare by thecomer Or angle of the lid being at the saaietiBe ground 
against the rabbet in the cylinder. On opposite sides of the oyKnder 
J%. 3;, theiis are two apertures cut quite tnrough of an eaiiai bMadtll, 
•and extendiog the lengthway of the cylinder parallel tmmt axis, and 
:«f each akngth as to reach about three quarters of an h^ over tile 
flNit parts c/p of the lids. Grooves of a corresponding' braadthy and 
S*4ths of .tin inch deep, are cut in the lids from c to jfS'in a direct 
Uae to the axis. Similar grooves, ff, are cut in the beeses patallel 
to the axis. These are about an inch deep, and of w sanie 
'breadth as the former. The dimentuona of these gnsoves wiU be 
variod, to suit the sbe of the engine. It is apparent that a seetiota ' 
from y to M, Fig. 2, will pass through the centre of aU these 

Kves. The sliders; ^^, Figs. 3 and 4, are two plata of ^aetai 
1 with a thin facing .of brass or gun metal; they' lure of such 
a tluckneas as to move freely in their respective grooves, t^ saeb 
a length as to extend from the bpttom of the grooves in ealeh-Ud, 
and of such a breadth tel to reaich from the outside ^f the eylinder 
lo, nearly the bottom <^ the groove// The purpose of these grooves 
ia tojbrm a bearance for the sliders, which b^ng made smooth and 
flat, and afterwards ground into.tl^ir placesin the grooves, hwMto 
steam tight in every part^ exceptinv at the space left betwe^h the 
bosses. N6w there is a centnd plate «, (Fig; 3 and 4)y which' is 
attached to and revolves with the axis e e. This plate' is lof a thidi^ 
n^OB sufficient to occupy the space between the bosses^ and is kept 
steam tight by the drcular rings 11 and 9 2, (placed in reoeiseli 
tatn^d in the bosses) pressingnpon each sideof the plate^#. Vniet- 
neath each plate is introduced a quantity e/'^hempeH <ir ibotten pAft<> 
ing, which answort the double p«rpopw ot.p]r^^^|ff ^^ eaos|M of 
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thfl iteam bettreen the ring and its receuj and that the elasticity i^ 
tbepachinr, by beeping the ring pressed upon the plate, prevenU a 
escape in uiat direction. To nalce the sliders and the central plate 
form a steam-tight union, umall pieces of brass are screwed t« the 
sliders, and thweby allow them to be brought into «0Dtact #ith 
the edge of the plate, *, withont pemitting swy part ,ol tlie sliders 
to toncb Uk bottom of the grooves,/^ At oppoiiite. pointa of 
the (ilate »„ thereisa'anall Mrti^n of tbs wde.ci^ away.tkeeVi 
Fig. 3). Hie purpose of which is, thai the sliders maj b«-m<nod 
intottiwpIaees^mtboiitiMto, fw thnt ti pmd«0Ml by Ite atrfUng 
of twotcBbstatewtegethwr^^aud tlitM didm^oauM suih«'<eaiii« 
!!l! ^^ «C*h«^Kn!inqv m yit, frwii«|h« <Bqrwl H i»ii ) i ' ■jam 
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' : Hie boxes or cues, i i, 1, 9, 3 and 4, are for tba receptioR of 
At sUden when they are withdrawn from the cylinder. Staffing 
boxei, jj, are placed in tiu middle of the bonneU, tbroogh whi<£ 
the rods, k k, are worked. These rods are attached to the auders by 
■cans of cross pieces, b I, Pig. 3, which are doretailed and bolted to ^ 
them : and at the outer end they are keyed to the cross heads. M m; ' 
1 and S, similarly aecnred to the rods, nnnn, which are forltcd at 
the ends nearest to the axis. A small spindle passes thrbagfa tbe 
- Midt of each fork upon which run three friction shearea, the Ixrnr 
ones, 0, Fig. 1, being placed between the forks, and the snuuW 
ones, pp, on the ends of the spindle. They are not fixed to'the 
spindle, and therefore may revolve separately and independently of 
each other. 

The piston consists of foor pieces of brass or gun metal, of .Uwnt 
Si incbei in thickness, filed or otherwise made perfecUv imfMtl^ ,tad 
nufemlythidr. Each piece is in. the form <^_ UwM^J^;ip,the 
interior trf tbe piston i and spiral springs, acting mriiwt jw ij JtMJ i ilWt , 
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force them ootwards. Two plates of metal, having a faclog of equal 
breadth to the brass, are laid on each surface of the brass pieces, and 
pressed on them by means of the brass bolts passing through the 
whole of the piston. These plates and the brass pieces being pre* 
viously ground together, preveut the steam from escaping between 
them; and, as an additional security, there are semi-circular grooves 
cast in the metal plates, into which hemp or cotton is stuffed, and 
by pressing on the brass prevents the possibility of an escape, except 
at the points of union between the brass pieces. In order to make 
these parts tight also, small overlap pieces are sunk into the brass 
about one-fourth of an inch, and as the piston wears away and widens 
the openings between the pieces, these still continue to cover them. 
Those parts of the brass which are against the arm of the piston are 
let into recesses, and hemp or cotton is placed underneath them 
which prevents escape in jAat direction. This is icalled a compound 
compensating piston : it possesses the property of bdng more tight 
than metallic pistons are gei^ally, (by the using of both hempen 
and metallic packing,) and also being equally free and not Uabl^.tp^ 
be jammed when heated ; this latter qualification arises from making 
the bolts, which hold the plates together, of the same material as the 
wearing part, by. which means the distance between the plates, when 
heated, is as much iaqpaued J^ di0 0]^^ the bolts as the 

intervening pieces mre expioindieil, eonse^ntly they cannot be bound 
or jammed in their places under any variation of temperature. 

There are four valves in this engine; two of them are placed in 
each lid. They consist of circular brass plates, the bottom ones being 
cemented or otherwise fastened into a recess in the end cast for them ; 
the upper plate then is placed above, and both being previously 
ground together, the steam cannot enter the cylinder but through 
them ; that is to say, when the holes in each plate are placed over 
each other, the valve is open, and when otherwise shut. A plate 
covers the recesses in which the valves work, and may either be cast 
with the ends, or afterwards bolted and cemented to them; the 
spaces between the lids and the plates form circular chambers ; and 
have each three openings; two circular ones, large enough to get 
readily to the valves, and a rectangular one, to which a steam pipe 
is attached. Bonnets cover the circular holes, which are thicker in 
their centres,, having a cylindric hole large enough to admit smaller 
bonnets, O O, Fig. 4, to be placed therein. Spindles previously 
keyed to the moving plate of the valves are brought through O O to 
the exterior of the lids. These valves and the spindle are kept steam 
tight by the screws of O O being turned a little round, which presses 
the bonnets, O O, in the first instance upon the enlarged part of the ' 
spindle, (shown at Fig. 4,) and also upon the face of the fixed valve, 
plate. Small cranks, 8 8, Fig. 2, are attached to the outer ends of' 
this valve spindles, which are connected to the gear, 9 9. Upon this ' 
g^ We fixed two friction sheaves, which being acted upon by the '\ 
cam, 01, at proper periods, the cranks, and consequently the valves, 
arci^alternateiy moved to and fro by the revolution of the axis; ee: 
onp;^ them opetiihg when the other is closing, and mee ver$a. " * .^. 
:<* '$9liI'!ig9v.liod iS/aretwo^cams. one half c4^#i^ 
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4.tii'5) are c<»icentTic irith the axis, and the otlier put u th« «>^ 
cwtric, or Gam part, by vhich the sliders are moved. The lOotioK w 
pndliDedjIiy the eccentric part acting on the abeaves, o p, f%. 9, an^ 
asfrii^ thwp to and tram the axis. The smaller sheaves, pf, na 
b^wooo j^ides, (see the dotted lines, F%. S,) whidi pitwii •• ^ 
TOfical motioa to the rods mh. 

-■ The boles throogh which the steam escapes and is adiiiitte4:>i?* 
p^ced as near the dider as the; can be brought, and an tbovn tvf 
ti^pnrpoie of illaBtratioo, as being all in onelld,at Fig. 3, tbong^K 
af lusbeen pcvioasly stated, there are two in eacfc Ud. .Tbe miq^ 
hoiit«v«r, wooM ^tbe aan« werf they aa reprewoted iB^.3fi««4 
thortfpre thiji; nada «f explvstioD will be asclMfl;andf»stM4t;:' 

A pipe it brov^ renndiu at A, Fjg^S, iDtoa«tewBdiMt„ft, 
Tig^laai9, iawUdi latter ■■ aoonuwn dkle nlM. . IbI* tkb 
steua cBwtlba itMun it bnogfat froa the briler b; tte pp* C, mi 
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eecapes into the atmosphere or condenser by the pipe D. This slide 
valve, and the apparatus connected with it^ are for the purpose of 
reversing the motion of the engine. 

In order to put this engine in operation^ steam is admitted into 
the steam chest B, when the slide valve is placed in such a position 
as to allow the steam to enter into one end, and escape at the 
other, or in other words, when the valves 6 and 7> Fig. 4, are 
the induction valves, and 14 and 15 the eduction valves; and when 
the piston and sliders are in the position shown at Fig. 4. The 
valve, 14, is then open, and communicates with atmosphere or con- 
denser, and the valve, 7> with the boiler; the steam, therefore, 
entering through 7, rushes against the piston and the upper slider 
which becomes the abutment against which the steam exerts its 
force. The piston recedes from the pressure in the direction 
of the arrow, turning with it the central plate, j*, the axis, ee, 
the cams, 3, 3, and the valve cams, 01,01. As the shaft turns 
theriefore, the cam 3, Fig. 2, revolves, and the cam or eccentric 
part gradually leaves the lower rods, n n, and presents the eon- 
centric part to the sheaves of the said rods. Now the lower cross 
head being pressed upwards by the connterbalance, £, gradually 
ascends into the cylinder^ so that when the point 4, is in contact 
with the sheaves of the lower rods n n, the slider has then reached 
its place in the cylinder, being nearly in contact with the central 
plate F, and also qpoh its bearanqe in the grooves before mentioned : 
the piston will bB then at the point G of the cylinder, and both the 
sliders shut the two valves, 7 and 14 only being open. Now as the 
piston continues to revolve, the cams 3 3 are gradually opening the 
upper slider and the cams 10, gradually shutting the valve 14 and 
opening the valve 1 5, so that when the piston reaches the valve 15, the 
former is completely shut, and the latter completely open, and when 
the piston reaches the upper slider, it is completely withdrawn from the 
cylinder, and thereby allows the piston to pass it. At this point, 
the steam is entering through .6, and escaping through 15, the 
lower slider being then the abutment upon which the steam acts. 
After the piston has passed the upper slider, the cam 3 allows the 
piston gradually to return to its place in the cylinder, and after the 
piston has passed the valve 6, that valve begins gradually to open, 
and the valve 7 to close. Therefore, when the piston has reached 
the pipe H, the upper slider is in its seat in the cylinder, the valves 
7 and 14 are quite shut, and 6 and 15 quite open : the cam 4 then 
begins to give motion to the low^r slider, as before described, aiid 
the cams 10 to the valves, so that a constant rotation of the axis is 
kept up. 

To. reverse the motiop of this engine, the sliding valve in the 
steam chest is moved on its face, so that the valves 6 and 7 become 
the eduction valves, and 14 and 15 the induction valves. Supposing 
the piston therefore in the position shewn in Fig. 3, and the steam 
previously entering through 6 and 7, and escaping through 14, it 
will be seen that if 6 and 7 become the escape valves, and 14 and 
85 the induction valves, the steam from the boiler will then rush 

BE 
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tbrougfa 14 and press upon tbe piston, and so driva it in a direction 
contrary to the arrow , whilst the steam, before actuating the engine, 
escapes through 6 and 7, wliich being shut and opened at their 
proper time by the cams 10, keep up the rotation in the opposite 
direction. 

The difficulties which have been encountered in the construction 
of a rotary engine, have been so repeatedly enumerated in the 
course of this work, that it would be needless to give them 
here. It will be remembered that great friction, leakage, and the 
difficulty of maintsining the packing steam tight, have been gene- 
r^ly found the great obstacle to the successful adoption of such 
engines. It is calculated that these objections have been removed, 
by the author's patent engine. The friction has been reduced in a 
very great degree, compared to that of the reciprocating engino, 
the greatest being caused by the revolution of the piston and shaft. 
The sliders are found to cause scarcely any friction, as they are 
only moved, when they are . surrounded on every side by the same 
medium 5 and as the grooves are sufficiently wide, to allow them to 
move without rubbing against their sides, the only resistance is 
caused by the rods working through the stuffing boxes. The valves 
also have the advantage of being only in motion, when they are 
surrounded by the same medium, and consequently the w^ar and 
friction is reduced, considerably below that of the slide of a common 
longine, which is only moved when under a pressure of steaWf 

The leakage is found to be considerably less than tbe leakage 
of all the engines on this principle which we have hitherto seen. 
This superiority arises from the use of the compound packing in the 
piston, by which a great defect in metallic pistons has been obvia'!- 
ted. This defect was the difficulty of making the metallic pieces 
which formed the packing, of an equal thickness, and of bringing 
them in sufficiently close contact with the plates which enclose 
them : for it will be seen, that unless the whole of the metallic 
packing were of an uniform thickness, it would not, when moved 
out of the situation into which it was at first fitted, fit so closely to 
the covering plate, and consequently a leakage would take plade. 
By the improved method, however, it is not necessary that the 
psicking should be so carefully constructed, because the elasticity of 
the hempen packing, would make up for any little irregularity in the 
metallic part. 

The sliders are found also to be much less liable to leakage than 
the abutment of other rotary engines. This advantage may be attri- 
buted to the bearing in the grooves being inaccessible to the piston, 
or any other part of the machine, except the sliders themselves, and 
consequently the fiat surface originally given to them, is not liable to 
be destroyed by wear^ which is the case with those engines which 
have leaves or fiaps, or even where there are sliders which do not 
rest entirely in grooves as in the present instance. It is found also 
that these sliders do not wear out of form, or become leaky, because 
omng to their vertical motion and the width of the grooves, they can 
hardly be said to touch the sides of the grooves until they are forced 
against them by the steam, which only happens when they are at rest. 
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Not the leafit evil which the oiakers of rotary engines have had 
to contend with» has been the rapid destmctton of those parts which 
have strock each other. Now this is a fault that has invariablf ex- 
isted in all the engines with leaves or sliders. It is however here 
completely obviated by the mode of bringing the sliders to rest^ for 
instead of allowing them to strike the central plate, a cavity is formed 
therein at the part where the slider wonld (but for that cavity) have 
oome in contact with it. The slider therefore can neither toach the 
bottom of the grooves in the bosses, nor yet the central plate ; the 
external cam work preventing from reaching so far into the cylinder. 
The edge of the plate and the slider are brought into contact by the 
circular part of the former^ gradually introducing itself like a wedge 
under the slider after it is at rest, and consequently a stroke is avoided. 
In confirmation of the superiority of this engine, we can state, 
that a small engine of about one horse power, has been in operation 
for many months, and, is found to possess all those advantages above 
stated. An engine of fifteen horses power has also been tried at the 
Iron works of 'Messrs. Hawks and Co. of Gateshead; in the county 
of Durham, which drove with ease a tilt hammer, to which a larger 
engine had been previously applied. The engine was attached by 
temporary and very defective frame work to the hammer, and in 
consequence of an accidentally increased resistance of the hanmier, 
the connecting shaft was broken, or rather twisted in two by the 
power of the engine, although the shaft was calculated as able to sus- 
tain a force full one half more than the assumed power of the engine* 
Another engine of twelve horses power is now nearlycomplete, and 
will in a few days be in operation, in a steam boat on the River T^ne. 
We have in this and the preceding chaptersj endeavoured to give 
to the best of our abilityj a ndthfnl detail of what appeared to be the 
most interesting attempts to improve the steam engine* We cannot 
profess, amongst the almost innumerable patents whic^ have apper- 
tained to this subject, to have selected all the very best schemes ; 
but have prindfMlly aimed at novelty and ingenuity, though the 
former may have in some instances, been o()tained at the expenoe of 
utility, and the latter nay have been the effervescence of mis-directed 
talent. What modification the steam engine ttity assume, hi the 
hands of those who come after ns, is yet nndedded, and will be (or 
the future historian to record. Imagination may lead ns to specu- 
late, on the possible perfection to which this tkMe effiirt of human 
genius may be bronght : but all attempts to set bounds to, or trace 
the progress of that which is yet in the womb of titne, would be as 
vain as they would be fruitless. 
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' 1698. Thomas Savery, of I/ondon, for raising water by the elastic force 
of steam ; and for effecting a vacaam by condensing steamy to raise 
water by the pressure of the atmosphere. 

- 1705. Thomas Newcomen and John Cawley, of Dartmouth, and Thomas 

Savery, of London, for condensing steam under a piston t &c. 

- 173^ Jonathan Hulls, of London, for propelling a boat by steam. 
17^9. James Brindly, of Lancaster, for a steam boiler. 

1766. John Blakey, London, for an improvement upon Savory's engine. 

1769' James Watt, Glasgow, for condensing in a separate vessel — using 
oil, fat, &c. instead of water — casing the cylinder — working engines 
by the pressure of steam without a vacuum — steam wheel — working 
engines by the alternate expansion and contraction of the steam. 

1709. John Stewart, London, for converting rectilinear into rotative motion. 

1772. John Chrysel, London, for an improved furnace. 

1778. Matthew Washborough, Bristol^ for converting rectilinear into 
rotative motion. 
. 1781* John Steed, Lancashire, application pf the crank motion. 

J'onathan Hornblower, Penryn, for an engine with two cylinders. 

1782. James Watt, Birmingham, expansive engine — six contrivances for 
regulating the motion — double acting engine — twq cylinders — paral- 
lel motion, obtained by a rack and sector — semi-rotative engine — 
steam wheel. 

1784. Ditto, ditto, rotative engine— parallel motions— portable engine 

and steam carriage — working hammers &c.^improved hand gear — 
improved method of working the valves, 

1785. ditto, ditto, for a furnace for consuming smoke. 

. 1789* Thomas BurgesSy London, for converting a vibrating into a rotatory 
motion. 
1790. Bramah and Dickenson, London, for three fotatory engines. 
1791* James Sadler, Oxford, rotatory engines. 
• 1793. F. Thomson, London, for an engine with two* cylinders. 
1794. Robert Street, London, for an inflammable vapour engine. 
I79tf. John Pepper, Newcastle, for saving fuel. 

John Strong, Bingham, for a new form of valves. 
William Batley, Manchester, for a new mode of working. 
1797* £• Cartwright, Middlesex, for a new condensing engine ; metallic 
^^^Xk piston ; rotative engine. 

'-vj. Grover, Chesham, for a loiter and furnace. 
Tl.Rowntree, London, for a boiler and furnace. 

1798. W. ^R^leyf York, for a furnace, boiler, and appendages. 
John l3^k)tson, Southwark, for a method of contraction. 

F. Rapozo^ fof Lisbon,) London, construction of cylinder and valves. 

G. QuierosB, Duidon, for a cylinder and valves. 

1799. J' Wilkinioa,, Castlehead> construction of boiler to save fuel. 
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M. Murray, Leeds, boiler, damper, horizontal cyllndcr- 

A. G. EclLhardt, for saving fuel. 

W. Murdock, Redruth, cylinder— valves— rotatory engine. 

James Burns, Glasgow, boiler — saving fuel. 

J. Bishops, Connecticut, for a rotatory engine. 
1«0(). Phineas Crowther, Newcastle, crank and parallel motion. 

John and James Robertson, Glasgow, furnace to consume smoke- 
double cylinder. 
J 801. £. Cartwright, Middlesex, portoble engine. 

R. Wilcox, Bristol, rotatory engine. 

W. Hase, Saxthorpe, cylinder, boiler, Scd a * 

M. Murray, Leeds, pump for the separate discharge of air and water 
valves — parallel motion. 

Timothy Bramah, Pimlico, revolving cock. 

G. Medhurst, London, for converting circular into rectilinear motion. 

W. Symington, Kinnaird, rotative engine. 

1802. Trevithick and Vivian, high pressure engine. 
M. Murray, Leeds, portable engine. 

T. Saint, Bristol, boiler and furnace. 
J. Lewis, Briscombe, improved furnace. 
R. Wilcox, Bristol, furnace— boiler— engine. 

1803. J. Leach, Merton Abbey, construction of boilef. 
Arthur Woolfe, London, improved boiler. 
Bryan Donkin, Dartford, rotary engine. 

Wm. Freemantle, London, improvement in cylinder, valves, pump. 

1804. R.Wilcox, Bristol, improved boiler and furnace. 

Arthur Woolfe, London, improved engine— high pressure boiler. 

1805. James Rider, Belfast, Improvements in cylinder— regulator. 
Jonathan Hornblower, Penryn, steam wheel. 

Wm. Earl, Liverpool, mode of working and constructing. 
James Stevens, London, improved boiler. 
Alexander Brodie, London, boiler and furnace. 
James Boaz, Glasgow, engine for raising water. 
Arthur Woolfe, London, improvements in piston, cylinder, &c. 
Ralph Dodd, London, mode of saving fuel. 
William Deverall, Blackwall, boiler and furnace. 
Samuel Miller, London, various improvements. 
. John Trotter, London, steam wheel. 
Andrew Flint, London, rotative engine. 

1806. William Lister, London, rotative engine. 
Ralph Dodd, London, various improvements, 
R. Wilcox, London, rotatory engine. 

W. Miller, London ^ improved furnace* 
1807* Allan Pollock, Glasgow, improved furnace. 
Henry Maudsley, London, portable engine. 
Ralph Dodd, economising heat. 

1808. Thomas Mead, rotatory engine. 
James Linaker, Portsmouth, steam boat. 

T. Smith, Bilston, certain improvements. , 

1809. Mark Noble, Battersea, improved engine. 
Edward Lane, Stoke-on-Trent, rotatory engine. 

J. F. Fesenmeyer, London, peculiar mode of constructing and working. 
Richard Leantlebury, Redruth, certain improvements. 
Samuel Clegg, Manchester, rotatory engine. 

1810. Arthur Wolfe, London, various improvements. 
W. Clerk, Edinburgh, regulation of heat. 

W. Chapman, Newcastle, rotatory engine. 

Richard Witty, of Hull, combination of the reciprocating rectilinear 

motion, with the rotative — two engines. 
Stedman Adam, Connecticut, various improvements. 

1811. Richard Witty, Hull, improvements upon former patent. 
Charles Broderip, London, various improvements. 
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W. Goody LondoDi coDBtmction of valves. 
J. Trotter, London, improved application of steam* 
Henry James, Birmingliam, steam boat* 
1813* John Sutherland, Liverpool, boiler. 

R. W. Fox and Joel Lean. Falmouth, Various improvements* 
Henry Higginson, London, steam boat. 
William Onions, Puulton, rotatory engine. 

1813. Robert Dun iLin, Penzance, improved furnace. 
W. Bronton, Butterly, various improvements^ 
John Barton, London, various improvements. 
John Sutherland, Liverpool, furnace. 

J. White, Leeds, various improvements. 
C. Brodrick, London, improved boiler. 

1814. W. A. Noble* improved engine. 

J. Rastricky Bridgenorth, certain improvements. 

Thomas Todai, York, steam carriages. 

John Slater, Birmingham, improved boiler. 

Dodd and Stephenson, Killipgworth, steam carriages. 

1815. William Loch, Newcastle, furnace, 
H.Holdsworth, Glasgow, certain improvements. 
M. Billingsley, Bradford, certain improvements. 

Richard Trevithick, Cambron, improved piston— rotative engine. 

W. Moult, London, improved furnace. 

J. Cutler, London, mode of supplying fuel. 

Marquis de Chabannes, saving fuel. 
1816* Dawes, Bromwicb, improved parallel motion. 

G. F. Mantz, Birmingham, furnace for consuming smoke. 

Bryan Donkin, Surry, boiler. 

Alexander Rogers, Halifax, mode of setting boilers to save fuel* 

John Barton, various improvements. 

Philip Taylor, Bromley, mode of applying heat. 

W. Steinson, Coleford, improved engine, 

Robert Stirling, Bdinburgh, improved fomace. 

-Geerge Bodley, Bxeter, various improvements. 

Joseph Turner, Layton, rotatory engine. 

John Neville, London, new mode of generating and applying steank 

Joseph Gregson, London, mode of supplying fuel. 

William Losh, Newcastle, improved furnace. 
1817. George Manwaring, London, various improvements* 

John Oldham, Dublin, steam-boat. 

Moses Poole, London, certain improvements* 
1811. William Moutt, London, certain improvements. 

Alexander Halibnrton^ Lancashirey improved furnace. 

John Scott, Penge, steam boat. 

Philip Taylor, Bromley, application of heat. 

Monroe and Langton, certain improvements. 

Joshua Rontledge, Bolton-le-moory rotatory engine. 

William Church, London, certain improvements. 

William Johnston, London, furnace consuming smoke. 
1819. Marquis de Chabannes, London, boiler of tubes. 

Jones and Plimley, Birmingham, certain improvements. 

John Malam, London, certain improvements. 

Sir W. Congreve, London, steam wheel. 

James Frazer, London, junction of tunnels in a boiler. 

R. Wright, London, various improvements. 

John Seaward, London, mode of generating steams 

William Brunton, Birmingham, revolving fumaco to cpmfiinie smoke. 

George Killey,Briggen, various improvements. 
John Pontifez, London, improvement on Savory's engine. 
18S0. John Oldham, Dublin, additions to formor patent. 
William Carter, Middlesex, certain Improvements. 
John Barton, Londony engines and boilers for propelling. 
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John Hague, London, variolic improvemeots. 
John Wakefield, Manchester, furnace and mode of feeding. 
William Brunton, Birmingham, additions to former patent. 
Josiah Parkes, Warwick, furnace for consuming smoke— and les- 
sening the consumption of fuel. 
Job Rider, Belfast, rotatory engine. 
John Moore, Dublin, rotatory engine. 
W. Pritchard, Leeds, furnace for consumption of smoke. 
1821. William Aldersay, Homerton, substitute for the crank. 
Thomas Masterman, Ratcliffe, steam and water wheel. 

Robert Stein, Lambeth, certain improvements. 

Robert Delhap, Belfast, rotatory engine. 

Pr. Henry Penneck, Penzance, lessening consumption of fuel. 

Henry Brown, Derby, furnace for consuming smoke. 

Aaron Manby, Tipton, various improvements. 

Thomas Bennet, Bewdley, various improvements. 

Sir. W. Congreve, London, improvements on formef patent. 

Franz. Anton Egells, London, various improvements. 

(Charles BroJerip, London, various improvements. 

iJohn Gladstone, Castle Douglas, North Britain, improvements in 
steam vessels* 

Julius Griffith, Middlesex, locomotive steam carriages. 
}S9% Richard Ormrod, Manchester, mode of setting boilers. 

G. H. Palmer, London, furnace for consuming smoke. 

George Stephenson, Long Benton, certain improvements. 

Alexander Clark, Louchars, Fife, improvements in boilers and con- 
densers. 

M. J. Brunei, Chelsea, certain improvements. 

Joseph Smith, Sheffield, improved boiler. • 

John Stanley, Manchester, supplying furnaces with fuel. 

T, and J. Binns, Tottenham Court Road, steam engines and boilers. 

T. Leach, London, steam wheel. 

jjacob Perkins, London, certain improvements 

Bainbridge and Thayer, rotatory engine. 
^833. James Neville, Shad Thames, boiler and furnace. 

William (Johnson, Great Totham, furnace and boiler for saving fuel. 

Robert Copland, Clerken well, " new combinations for gaining power." 

N. Partridge, Stroud, mode of fixing boilders. 

Hf H. Price, Neath Abbey, Glamorganshire, improved machinery for 
steam boats. 

William Jessop, Derby, metallic packing to piston. 

Jacob Perkins, London, boiler. 

Thomas Peel, Manchester, rotatory engine. 

Jacob Perkins, London, celrtain improvements on steam engines* 

Fisher and Horton, West Bromwich, boiler. 

W. Jukes, Great Russel Street, regulating supply of water to boilers. 

Bower ajiid Bland, Leeds, steam engine without air-pump. 

William Wigston, Derby, various improvements. 

Robert Higgin, Norwich, method of' consuming smoke. 

James Larrey, Battersea, saving of fuel. 

James Christie, London, combination of fuel for furnaces. 

Jacob Perkins, London, furnaces and boilers. 

[Samuel Brown, London, engine for effecting a vacuum without tlie use 
of steam.] 

W, Furnival, Droit^ich, for a boiler. 
i834» Rev. Moses Isaacs, steam engine, machinery, &c. 

Christie and Harper, peculiar combination of fuel for furnaces. 

Maurice de Jough, Warrington, economising heat by combining a cok« 
oven with a steam engine boiler. 

Samuel Hall, Basford, improved steam engine. 

George Yaughan, Sheffield, improved steam engine. 

J. T. Paul, Westminster, mode of generating steam. 
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W. II JuMt. BlnBlngham* loooBotlv« carriacei.. 
John M^Ciirdy, London* generating ttiftani. ' 
Philip Taylor, City Road, certain improveraeiti. 
W. Foreman, Batii, rotatory engines. 

Pierre Alegre, Commercial Ro^, apparatai for generating steam. 
Maodftley and Field, boilers for iteam veiieli. 
John Moorot Bristol, improvements upon engine and apparatus. 
David Gordon, London, locomotive steam carriage. 
18125. Dr. TUlocii, Islington, various improvements. 

Barstall and Hill, Surrey, locomotive steam carriage. 

[William Griienthwaite, Klng*s Place, Nottinghamshire, Improved air 

engine as a substitute for steam.] 
GiUman and Sowerby, London, generating steam. 
T. Sunderland, BlacKbeath, new combination of fuel for furnaces. 
J. C. C. Raddatz, {invented by Dr» Alban^^ improvements in steam 

engine. 
W. H. James, Birmingham, improved steam engine boiler. 
Thompson and Barr, London, certain improvements in producing steam. 
[M.J. Brunei, London, machinery for obtaining power by the expansion 

of ihe liquefiable gases, as a substitute for the steam engine.] 
Jean Antoine Tessier, London, various improvements. 
[Thomas Howard, lA)ndon, for an engine in which the vapours of 

alcohol and ether are employed in lieu of steam.] 
Josiah Easten, Bradford, locomotive steam carriage. 
Goldsworthy Gurney, Argyle Street, apparatus for generating steam. 
L* W. Wright, Lambeth, rotatory engine. 

F. Hallida/, Ham, rotatory engine. ' 

Joseph Eve, Liverpool, rotatory engine, boiler, valves, &c. 
J. M^Curdy, Strand, apparatus for generating steam. 
1826. A. R. Lorent, London, application of steam. 

James Neville, Shad Thames, apparatus lor generating steam. 
[Samuel Brown, Brompton, vacuum engine, addition to his former 

patent.] 
A. Buffum and J. M'Curdy, London, improvemeots in steam engines. 
Henry Higginson, St. Luke's, Middlesex, propelling boats by steam. 
Joseph L. Marie, Marquis de Combis, of Leicester Square, rotatory 

engine, and apparatus connected therewith. 
Robert Mickleham, London, certain improvements. 
William Robinson, Strand, propelling vessels by steam. 
[Count Adolphe Eugene de Pasen, of Westminster, pew engine for 

communicating power. 
J. B. Wilks, of Tandridge Hall, Surrey, producing steam. 
Barstall and Hill, of Leith, steam carriage. 
John Costigan, Collen, Louth, various improvements. 
Elijah Galloway, London, rotary engine. 
1827* James Frazer, Houndsditch, improved boiler. 
James Neville, Shad Thames, steam carriage. 
Robert Copeland, Wilmington Square, **" machinery for gaining power,'* 

being additions to former patent. 
Robert Barlow, Chelsea, substitute for the crank. 
[R.and J. Stirling, Glasgow, improved air engines.] 
John White, Southampton, improved pistons and valves. 
[SirW. Congreve, Strand, new motive power.] 
R. W. Fox and Joel Lean, Falmouth, various improvements. 
Jacob Perkins, London, certain improvements. 
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